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Public Participation Notices EPA-HQ-OPP-2011-0019 and EPA-HQ-OPP-2011-0020
Anthia Peters

to:

Dennis Edwards, Tracy Lantz

08/08/2011 02:29 PM

Show Detzils

History: This message has been replied to.
The public participation comment period closed on August 5, 2G11 for Ammeonium sulfate and Urea. To date no
comments have been submitted to the docket through FEMS/Regulations.gov.

Anthia C. Peters

Office of Pesticides Programs
Dacket Manager

ASRC Management Services
(703) 305-0032

)
file://C:\Documents and Settings\Tracy\Loocal Settings\Tempi\notes35A6F\~web0478.htm 8/8/2011



RISK ASSIGNMENT FORM
Antimicrobial Division/Regulatory Management Branch |

A Completed by Product Manager
/—
PRODUCT REVIEWER: [/ by RMBI TEAM 31
Type of Action: / EPA File Symbol/Reg No.
Decision No,yj'/,g// Submission No. # f/f/é Fee for Service Action Code:
FQPA Action Code: 3 3,1 | Non-FQPA Action Code PRIA EEE AMOUNT:
APPLICATION DATE / 2011
EPA PIN DATE / 2011
DATE PM RECEIVED FROM 2011
FRONT END
DATE SENT TO SCIENGE
DATE RECEIVED FROM
SCIENCE
DATE DUE TO PM
Type of PSB PSB Acute PSB RASSB RASSB RASSB RASSB
Data: Product Toxicology | Efficacy | Environmental | peglogical Chronic | Exposure
Chemistry Fate Effects Toxicology | Residue

B For Arctic Slope Contract Only
Contract No.: 0052 ARCTIC SLOPEIMANAGER
Final Task: Signature ____ (Totalhrs)
C || Reviewer Comments: - _ .
DATE FEE PAID: RESPONSE CODE: RESPONSE DATE:
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Yuli Mann =
Agent forNaleo = L
Steptoe & Johnson LLP : o
1330 Connecticut Ave., NW ¢
‘Washington, DC 20036 soJuL 27 o '_
?{ LU I3
Subject: Nalco 60620
EPA Registration No. 1706-240 R .

Notification Date: July 1, 2011
EPA Receipt Date: July 1, 2011

Dear Ms. Mann,

This letter acknowledges receipt of the notification identified above submitted
under the provisions of the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA),

as amended and per PR Notice 98-10.
e Revise Confidential Statement of Formula

Based on a review of the submitted information this notification is acceptable.
The Confidential Statement of Formula (CSF) for the Basic Formula dated 7/1/11 is
acceptable and supersedes the previous Basic CSF. This notification will be made part of
ihe record for this file. Should you have any questions concerning this letter, please
contact Tracy Lantz at (703) 308-6415 or Velma Noble at (703) 308-6233.

Sincerely,

Velma Noble

Product Manager (31}

Regulatory Management Branch 1
- Antimicrobials Division (7510P)

7510P-T.Lantz:7/27/11:1706-240 CSF notification

~ ' _ _ COMCURRENCES
SYMBITL 7 joF . )
Pup— e ¢ - - . wursl LTI TPy P sasransfonn
DATE 1]27 A I A ereswrenouurtons : 1. .
—t bttt it 7
EPA Form 1320-14 (1/50] Printed on Recycled Paper OFFICIAL FILE COPY
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S1EPTOE & JOHNSONur

ATTORNMNEYS AT LAW

WRITER'S DIRECT DIAL
2024293093

July 1, 2011

Velma Noble, Product Manager 31
Antimicrobials Division (A}

c/o Document Processing Desk (NOTIF)
Office of Pesticide Programs (7510P)

11.S. Environmental Protection Agency

Room $-4900, One Potomac Yard
2777 South Crystal Drive
Arlington, VA 22202-4501

Via Hand Delivery

Re: Notification to update confidential statement of formula

Product: Nalco 60620 (EPA Reg. No. 1700-240)

Dear Velma:

1330 Connecticur Avenue, NW
Washington, DC 20036-1795
Tel 2024253000

Fax 2024293902
steptoe.com

Please find enclosed a notification revising the confidential statement of formaula for Nalco 60620 to identify au
additional producer. The new producer is highlighted on the enclosed CSF. No other changes have been made to

the CSF.

Documents included with this submission include an Application Form (EPA Form 8570-1), two copies of the
revised CSF dated July 1, 2011, and one copy of the current approved CSF dated Dec. 23, 2010

If you require any further information please contact me at {202) 429-3095. Thank you for your attention to this

matter.

Sincerely,

l MW
Juli Mann
Regulatory Analyst

WASHINCGTON « NEW YORK = CHICAGO

.

PHOENIX

-

LOS ANGELES

CENTURY CITY

LONDON » BRUSSELS »

BEINMNG



Pleiise read instrictions on reverse before compler™a form. Form Approved. ("8 No. 2070-0060, Approval expires 2-28-95

ied States D ;_,-gistration OPP {dentifier Number
EPA Environmental Protection Agency [ ] Amendment
Washington, DC 20460 P4 Other :
Application for Pesticide — Section I

. Company/Product Number 2. EPA Product Manager 3. Proposcd Classification
1706-240 Velma Nobie P None Restricted
4. CompanyfProduct (Naine) PM# D
Nalco 60620 31
3. Name and Address of Applicant (Include ZIP Code) 6. Expedited Review, Inaccordance with FIFRA Section 3{c)(3)
Nalco Cormnpany (b)}1), my product is similar or identical in composition and
1601 West Diehl Road labeling to:
Naperville, IL 60563 EPA Reg. No.

I:I Check if this is a new oddress Product Name

Section -« II

D Amendment ~ Explain below. |:| Final printed labels in response lo

|:| Resubmission in response to Agency leger dated Agency letter daed ____

Netification — Explain Below. Me Too™ Application

D Other — Explain Below.

Explanation: Use additional page(s) if necessary. {For Section 1 and Section 11}

Notification 10 add a new producer {0 section 2 of the CSF for Nalco 60620 {(EPA Reg. No. 1706- ). No other changes have been made
10 the CSF.

This notification is consistent with the provisions of PR Notice 98-10 and EP A regulations at 40 CFR 152 46, and no olher changes have been made (o
the labeling or confidential statement of formula of this produce. 1 understand thas it is a violation of 18 U.5.C. Sec. 1001 o wilifully make any false
statements 10 EPA. | further understand that if this notification is not consistent with the lerms of PR Notice 98-10 and 40 CFR 152.46, this product
may be in vielation of FIFRA and 1 may be subject lo enforcement action and penaltiss under sections 12 and 14 of FIFRA.

FORWARD ALL CORRESPONDENCE for this action to: Juli Mann, Steptoe & Johnson LLF, 1330 Connecticut A ve,, NW,
Washington, D.C, 20036.

Section - HI

1. Material This Producl Will Be Packaged In:

Child-Resistang Unit Packaging Water Soluble Packaging 2. Type of Container
Packaging [T ves [ ves [ ] Metat

Yes [ No [No [ prastic
I:I No D Gilass

. R If *Yas” No. per If “Yeg” No. per
*
Cert:ﬁcatmn. Unit Packaging wgt.  Container Packaging wgt. Container I:I Paper
must be submitted | I:l Other (Specify)
3. Location of Net Contents Infermalion 4. Size(s) Rerail Container 5. Location of Label Directions
[7] on Label
I:I Label I:I Containcr ’ D On Labeling accompanying product
6. Mannes in Which Label is Affixed to Product  |_| Lithograph { ] Other
I:I Paper Glued
[ ] Stenciled .
Section - IV T}
. Conlact Point {Complete jtems directly below for identification of individval 1o be contacted, if necessory, ro process this applicdtion..) 2223=3
Name Tille Telephone No. (Include Aréa Code§
28357
-] =
Linda J. Fane Research Scienlisl 630-305- 455, 12 de *e
Certification 6. Date Applichtidn *,
H I EE
1 certify thal the statements 1 have made on this form and ali aliachments thereto are irge, accurate and complete. | s Hefe“’ed
acknowledge that any knowingly false or misleading statement may be punishable by fine or imprisonment or both 22 sHEtamped)
under applicable law ' \
. Signawure 3. Tite Frae
{/uyét M Research Scientist
4. Typed Ndfhe 5. Date
Linda J. Fane July 1, 2011

EPA Form 8570-1 (Rev, 3-94) Previous aditions are obsolete. White - EPA File Copy (original)  Yellow ~ hbplicant copy




STEPTOE & JOHNSONwr

ATTORNEYS AT LAW

WRITER'S DIRECT DIAL 1330 Connecticut Avenue, NW
2024293095 Washington, DC 20036-1795
Tel 2024283000
Fax 2024293902

steptoe.com

July 1, 2011 Via Hand Delivery

Velma Noble, Product Manager 31

Antimicrobials Division (AD)

¢/o Document Processing Desk L

Office of Pesticide Programs (7310P) . fretes

U.5. Environmental Protection Agency P
Room §-4900, One Potomac Yard razens
2777 South Crystai Drive Tevsds 0’

Arlington, VA 22202-450]
Re: Submission of Final Printed Labels
Product: Naleo 60620 (EPA Reg. No. 1706-240)

Pear Velma:

Please find enclosed three copies of the final printed label for Nalco 60620 in response to the Agency letter dated
June 29, 201 1.

If you require any further information please contact me at (202) 429-3095. Thank you for your attention to this
matter.

Sincerely,

Juli Mann
Regulatory Analyst

11
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PRECAUTIONARY STATEMENTS:
HAZARDS TO HUMANS AND DOMESTIC
ANIMALS

CAUTION: Hamiful if swallowed or absorbal through the skiin. May cause
imitation 10 the eyes and skin, Do not get in eyes, on skin, o5 on ¢lothing, Use
with adequate venlilation. Wear protestive eyewwear {gogples, fase slield ur
safoty plasses), profective clothing and prolective gloves (rubber, chemical
resistant} when handling.  Remove conluminated clothing and wash elothing
befote reuse. Wash thoraughly with soap aml water aftes handling and before
eating, drinking, ehewing guny, using tobacco or using the tolet,

ENVIRONMENTAL tIANZARDS

This pesticide is toxie ta fish mtd aquatic otpanisms. Do not discharge effluent
conlaining this profuet into lakes, sireams, ponds, cstiaries, 00cans, or other
walers ynless i accordanee withh the roguirements of a Watlouzl Pollutaint
Discharge Eliminalion Systenn (NPDES) pennit and the permiittg authority
hes been nofifted i writing prior to discharge. Do not diseltarge effluent
contaiming this product to sewer systems without previously notifying the local
sewage Weatment plant authority. For pidanee, contoct your State Waler
Board or Regional Offiee of the EPA,

PIYSICAL AND CHEMICAL lLIAZARDS
Direct mixing of this produst with sodivny hypochlorite solutions and other strong
oxidizing and alkali ehemicals will release harardous gases. Only mix with ather
chemicals or materials solutions following the Direetions for Use of this product.

STORAGE AND DISPOSAL
[30 not sontaminate svater, food, or leed by storage and disposal,
dumping is prohibited.
PESTICIDE STORAGE: Keep container tightly closed. Store in a fry
place. Leaking or danmged containers showld be placed in an overpack
container for disposul,  Spills should be contained and cleaned wsing an
ahsorbent material and disposed of in a senitary landfill,
PESTICIDE DISPOSAL: Desticide wastes are toxte. Intproper disposal
of excess pestieide, spray rmixture, o rinsate is a violation of Federal Law.
If these wastes camot be disposed of by use according to labe! tnslruetions
contast your Slate Pestieide or Environnmental Control Apency, or the
Hazardous Waste representative at the nearest EPA Repional Office for
guidanes.
CONTAINER HANDLING: Refillable container, Refil! this coutainer
with pesticide only, Do not reuse this contaiter for any other purpose.
Cleaning the containgr before Tnal disposa! is the responsiblity of the
person disposing pf e container.  Cleaning before refilling is the
ibility of the refiller. To ¢lean e container before Ninal disposal,
empty the remaining contlents from litis contaber inlo application equipment
of mix lank. Fill the container about 1 pereent full with water. Apitale
vigotously of Teeireulate water with the ptup Jor 2 minutes, Pour or pump
rinsate into application cquipntent or rinsate colleclion syslen. Repeat this
rising procedure two more lintes. Then offer for recyeling, if available, or
reconditiontng, or puncture and dispose of ot 2 samitary land B, or by other
procedure approved by slate and local authorities,

Open

NET CONTENTS SHOWN ELSEWHERE ON CONTAINER

@ Revised 06/30/2011

A \qaLco
NALCQO 60620

A MICROORGANISM CONTROL CHEMICAL

ACTIVE INGREDIENT:
Anunonium Sulfate...,
INERT INGREDIENTS

EPA Reg. No. 1706-240

EPA Est, No. 1706-1L-1 (BP} EPA Est. No. 1706-WA-1 (VW)
LA Est. No, [706-PA-1 (EL) EPA Est. No. 1706-LA-2 (PL}

t.eiter in () that marches fitst leller in batch numbe identifies tho cxtablishment numbe.

KEEP OUT OF REACH OF CHILDREN
CAUTION

FIRST AID

IF S\WALLOWED: (2l & poison contiel center or doclor immediately for geatrment
advies, Have persen sip a plass of water If able 10 swallow. Do not induce vomiting
unless told by a poisun contral cemter or doctor. Do net gise amything to an
uftonselous person,

IF ON SKIN: Taks off contaminated sluthing. Rings skin immediately with plenty of
water for 15-20 minutes. Calt 2 poison controt center or a ductor for reatment advice.
IF IN EVES: Hold cyes open and rinse stowly and gently with water for 15-20
mirutes. Remove sontact lenses, if present, after the st § mu then eonti

DIRECTIONS FOR USE
11 is & violation of Federal Law to wse this produst i1 a inanner incongstent with it
talreling,

For the contol of bagtenn, algae and funpi. Nateo §0620 mustbe used f1conjunciion
with: 1} an EPA pepd i sodimn hypochioite product (12.5%5) to preducs
chioramige; and 2} the OwPRO detivery system a1 a pll of 12 as deseribed below.

Nakeo 60620 and the sodium I1ypuchtomc are npiacd in e specially designot OxPRO
delivery system that preduces the 1 on site,  The produsls ar
Mended to achicve a m:m.mu.m malar ratio of 1.0-1.2 to 1.0 Naleo 60620 10 sediom
ypochlonite (12.8%6). The ehloramine is typically achieved by mixing 1.5 gallons uf
Naleo 60620 with 1.0 gallon of sodium hypochlonte {12.5%6). he OxiFRO aeliveey
system contenller ensures the automade production of the dilute chlorambie solmtion,

Is the opti ion of the production piacess, and ensuzes adequate doving into
the water SYslem requiring ueaunan The design, treatiment, installakion, calibvalinn,
and gperation of the feading system in 3] plants iz 1o be conducted only by authoriced
and trajned personnel,

Use of this produel for any other purpose or contiary to the instinctions below, or
withoue the supervision of suthonzed trained p !is prohibited

Nole:  [to not wse other feeditiy maodes 1o roix Maleo 60820 and the sobimn
tiypodhlovie.  Non-authonized pasonnd are potibiled from operating or otherwise
handling the feeding system or {ls chemical ingredicnta.

PULPE AND PAPERMILL WATER SYSTEMS

Diogage Raes. When the sysem is nodeeably fouled, apply sufficient Nalco 60620
a2 sodium h)'}wddume to achieve 2 chloring residual in sx¢ess of the system oxidant
d d. The chl Intion produced by the delivery system is lln:lll:d:alely
afed to the process watery for which weab: is ired, The chi it
may be added 10 any point of uniform mixing. Addition may be cominuong or
imennittent depending o the sevenity of he contaminadon Wwhea treatimen! starts, and
on uiher system opetation parameters.

A, S1UG FEED METHOL

Initial Dage: When the system is notiesably fouted, add the appropriale anomt of
¢hlaramine 10 Uie system to obtain from 1 to 10 ppm to1al available cilouine, The
chloramine i3 achieved by mixing 1.5 pallons of Maleo 60620 with 1.0 gallo of
sodiuon hypochlonite {12.5%6). Repearuntil controt is ashieved. Badly fouled systenis
must be eteaned before meanment is begun.

g

rinsing. Call  puison contro! center or a doctor for neatment advice.

1F INIIALED: Move person to fresh air, If person is not breathing, call 511 or
ambulances, then give antifisis) respiradon, preferably mouth-to-mouth, if possible.
Calt 2 poison coutrel ¢enter or a doctor for treatment advice.

NOTE: Have the producl container or labet with you when calling 2 poison controt
center or adoetor, of going £ir tieatment.

SEE LEFT SIDE PANEL, FORADDITIONAL PRECAUTIONARY
STATEMENTS,

Nitleo Company
1601 West Dielt] Road
Nagerville, 1L 60563-1198
EMERGENCY PHONIE NO. (80'0} §24-9304

saa oinr L
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PRODULT 18 NOT RJ:GUL\ toi D.gluﬁ@rmmp@klmmm

t Dtose: When rmicrobial contro! iz evident, add the approprate amount of
ellotamine to the system daily, or as needed to maintaiy coutral and kesp the total
ol otine residual at 1 to 10 ppm.

E. INTERMITTENT FEED METIFOL

Iniial Doge: When the system i nodeeably fouled, s the appropriare smowm of
chloramine 10 the systom Lo obtain fom 1 to 10 ppim tatal svaitalile clfoving, The
chloremine iz ashieved by miving 1.5 gallons of Malen 60620 with 1.0 pallon of
sodiurn hypochlorite {12.5%8), Badly fonled systems nmst be cleaned bsfore treatiment
is begun.

Subsequent Dose: When microbiat conoe! is evident, add {he appropriare amount of
chioramine b0 the system to obtaitt 3 1 - 10 ppm totat eliarine residusl.

C. CONTINUOQUS FEEO METIIOD

tnitind Dose: When the system is noticeably fouled, add the approprizte amount of
chloramine to the system to obtain t 10 10 ppm totsl available chlorive, ‘The
chloramine 14 achioved by mixing 1.5 pallons of Maleo S0620 with 1.0 galton of
sodumn hypodhl mite {12,555}, Badly fod of systems must be deaned befne treannent
i5 begun.

Subsequem [osage: Maintain tis t level by stanitlg a continmous feat of
chlgraming b0 maintain a 1 1o 1 ppio total chloning residual.

12



Please read instrictions o reverse before completin- fonm,

Form Approved. OM™ No. 2070-0
pbipmin

060, Approval expircs 2-28-95

L. .dStates

EPA

Washington, DC 20460

Environmenial Protection A gency

[_] Ry istration
[] Amendment

Xl Other

OFP ldentifier Number

Application for Pesticide — Section I

I, Company/Product Number

2. EPA Product Manager

3. Proposed Classification

1706-240 Velma Noble ] i

4, Company{Product {Name) PM# None [:I Restricted
Nalco 60620 31

5. Name and Address of Applicant ({icinde Z{P Code) 6. Expedited Review. In accardance with FIFRA Section 3(c)(3)
Nalco Company (b)(i), my product ts similar or identical in composition and

1601 West Diehl Road
Naperville, IL 60563

L__I Check if this [s a new address

labeling to:
EPA Reg. No.

Product Name

Section - LI_

D Amendment — Explain below.
|__—_J Resubmission in response to Agency letter dated
D Notification — Explain Below.

Final printed labels in response to
Agency letter dated June 29, 2011

“Me Too™ Application
l:l Other — Explain Below.

Explanation: Use additional page(s) if necessary. {For Section | and Section 11.}

FORWARD ANY CORRESFPONDENCE for this action to: Juli Mann, Steptoe & Johnson LLP, 1330 Connecticut Ave., NW,

Washington, D.C. 20036,

Sectio

n - I

1. _Maierial This Product Will Be Packaged In:

Child-Resistant
Packaging
Yes

DNO

Unit Packaging
L__I Yes

DNO

L__I Yes

DNO

Watcr Soloble Packaging

D Metal
L__I Plastic
{ ] Glass

2. Type of Container

. . If“Yes” No. per 1f “Yes” No. per
&
Ceraﬁcaﬂm{ iInit Packaging wgt.  Container Packaging wgt. Container D Paper
must be submitted D Other {Specify}
3. Location of Net Contents Information 4. Size(s) Retail Container 5. Location of Label Birections

L__I Label L__I Container

[ JonLa
L__I On Lab

el
eling accompanying product

6. Manner in Which Label is Affixed to Product || Lithograph
Paper Glued

D Stenciled

D Other

Sectio

n-Iv

¥

L
E]

Ed
ES

1. Contact Point (Camplete itens directly below for identification of individual to be contacted, if necessary, to process this applicotion.. )

BREBESE

Name Title

Linda }. Fane

Research Scientist

630-3

Telephone No. {Include Area dozie)

Tk I
L3-S
E]

E
3 x 38

05-1455

Certification

I certify that the statements 1 have made on this form and all attachments thereto are true, accurate and complete. !

acknowladge that any knowingly false or misleading statement ray be
under applicable law

punishable by fine or imprisonment or both

6: Datc Application
EF TR

eceived

2, (Stamped)

>

2. Signature 3. Title

6&. Q AZ“.(/}’L Research Scientist
4. Typed Namé -~ 5. Date
Linda J. Fane July t, 201!

EPA ¥orm 8570-1 {Rev. 3-94) Previous editions are obsolete.

While — EPA File Copy (original)

Yellow — hgplicant copy




PALL

RE: Nalco 1706-%4 reg. notice
Mann, Juliana to: Tracy Lantz 06/30/2011 0L08 PM
Cc: Velma Noble, Dennis Edwards, Melba Morrow

Thanks so much, Tracy. A very big THANK YOU to Dennis, Melba, and Earl, I
appreciate all of your very hard work on this. Thank vou for vour time and
patience.

Have a very good holiday weeskend,
Juli

----- Criginal Message-----

From: Lantz.Tracy@epamail.epa.gov [mallto:Lantz.Tracy@epamail.epa.gov)
Sent: Thursday, June 30, 2011 12:47 PM

Te: Mann, Juliana

cc: Noble.velma@epamail.epa.gov; Edwards.Dennis@epamail.epa.gov
Subject: Fw: Nalco 1706-241 reg. notice

Here's the last one.
¥t has been nice working with you, Juli.
{Embedded image moved to file: pic3l34¥.ipg}

----- Forwarded by Tracy Lantz/DC/USEPA/US on 06/30/2011 12:42 PM -----

From: cts/cts/QP/USEPA/US@EPA

To: Tracy Lantz/DC/USERA/US@EPA
Date: 06/30/2011 12:38 PM

gubject: Naleo 1706-241 reg. notice

Please open the attached document. This document was digitally sent to you
using an HP Digital gending device. [See attached file:
fUntitled] .pdf]

14



Fw: Naico 1706-240 reg. notice
Tracy Lantz to; Mann, Juliana 06/30/2011 12:46 PM
Cc:  Velma Noble, Dennis Edwards

Yet ancther registration notice.

e
Yrogy Lagts

Tracy Lantz
Regulatory Team 31
Antimicrobials Division
U. 8. Environmental Protection Agency
Phone:; (703) 3086415
FAX: (703) 308-8481
w--- Forwarded by Tracy Lantz/DC/USEPA/US on 06/30/2011 12:42 PM -

From: cts/cts/QPFUSEPA/US@EPA

To: Tracy Lantz/DC/USEPA/US@EPA
Date: 06/30/2011 12:37 PM

Subjecr Nalce 1706-240 reg. nolice

Please open the attached document. This document was digitally sent to you

using an HP Digital Sending device . [Untilled].pdf

15



1).S. ENVIRONMENTAL PROTECTION EPA Reg. I_:I""*W%-mmame*ﬂ-_
AGENCY Numbex : b :
Office of Pesticide Programs 1706-240 i 5
Antimicrobials Division (7510P) j JUN 29 20m ¢
1200 Pennsylvania Avenue NW t -

Washington, D.C. 20460 Term of Issu*lce:
" [, i e

Unconditional

Vame of Pesticide Product:

NOTICE OF PESTICIDE:
X Registration Nalco 60620

Reregistration

{under FIEFRA, az amended]

Name and Address of Registrant (inelude ZIPp Code):
Nalco Company

1601 West Diehl Road

Naperville, IL 60563

On the basis of information fumishad by the registrant, the above named pesticide is hereby regisiered/rereqgistered undar the Federai

Inseclizide, Fungicide and Rodenticide Act.

Registration is in no way to be construed as an endorsement or recommendation of this product by the Agency. In order to protect
heaith and the environmenl, the Administrator, on his motion, may at any time suspend orcancel the reglstration of a pesticide in
accordance with the Act. The acceptance of any name in connaction with the registration of a protuct under this Act is not to be
caonstrued as giving the registrant a right to exclusive use of the name or {0 its use if it has been covered by others,

This product (OPP Decision No. D443828) is unconditionally registered in accordance with
FIFRA sec 3{¢)(5) provided that you:

1. Make the labeling changes listed below before you release the product for shipment:

a. Revise the “EPA Registration Symbol to read, “EPA Reg. No. 1706-240

DAt s yrmpm sty e,

Signature of Approving Offi;ii:./:%g\

Velma Noble

Product Manager Team-31
Regulatory Management Branch
Antimicrobials Division (7510P)

JUN 29 201 E

16



Page 2
EPA Reg. No. 1706-240

b. Revise the Precautionary Statements to read as follows.
“CAUTION: Harmful if swallowed or absorbed through the skin. May cause irritation to
the eyes and skin. Do not get in eyes, on skin, or on clothing. Use with adequate
ventilation. Wear protective eyewear (goggles, face shield or safety glasses), protective
clothing and protective gloves (rubber, chemical resistant) when handling. Remove
contaminated clothing and wash clothing before reuse. Wash thoroughly with soap and
water gffer handling and before eating, drinking, chewing gum, using tobacco or using the
toilet.”

¢. As per PR Notice 2001-1, revise your First Aid statements such that to be
ordered from most toxic to least toxic route of exposure. Revise the order to read “If
Swallowed” followed by “If On Skin” followed by “If In Eyes” and “If Inhaled.”

d. Revise the first two sections of the “Directions for Use” as follows: “...For
the control of bacteria, algae and fungi. Nalco 60620 must be used in conjunction with: 1} an
EPA registered sodium hypochlorite product (1.2.3%) to produce chloramine; and 2) the
OxiPRO delivery system at a pH of > 12 as described below. Nalco 60620 and the sodium
hypochlorite are mixed in the specially designed OxiPRO delivery system that produces the
chloramine solution... The design, treatment, installation, calibration, and operation of the
feeding system in all plants is 7o be conducted only by authorized and trained personnel.” Also
delete the two other instances of “stabilized chlorine” in these sections and replace with
“chioramine.”

e. Revise the Pulp and Papermill Water Systems section by deleting both instances of the
phrase “stabilized chiorine” and replacing with “chloramine.”

f. Revise the Slug Feed Method, Intermittent Feed Method, and Continuous Feed
Methed sections to be in agreement with PR Notice 2000-5 which specifies mandatory language
in the directions for use. Revise the statements in each of these sections by deleting the words
recommended and typically. In addition, delete all references in this section to “stabilized
chilorine.” Revise all instances of stabilized chlorine to state “chloramine.” Revise these
statements as follows: “...The chloramine is achieved by mixing...” or “...the appropriate
amount of chloramine to the system...”

g. Add the following Physical and Chemical Hazards section to your label:
“Physical and Chemical Hazards: Direct mixing of this product with sodium hypochlorite
solutions and other strong oxidizing and alkali chemicals will release hazardous gases. Only
mix with other chemicals or materials solutions following the Directions for Use of this
product.”
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Page 3
EPA Reg. No. 1706-240

2. Submit three (3) copies of your final printed labeling before distributing or selling the
product bearing the revised labeling.

Your release for shipment of the product constitutes acceptance of the above label
changes. A stamped copy of the label is enclosed for your records. Should you have any
questions regarding this letter, please contact Tracy Lantz at lantz tracv(@epa gov or
(703) 308-6415.

Sincerely,

W&%w‘%f fo-

Velma Noble

Product Manager (31)
Regulatory Management Branch
Antimicrobials Division (7510P)

Enclosure: Stamped Label
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PRECAUTIONARY STATEMENTS; HAZARDS TO HUMANS AND
DOMESTIC ANIMALS

CAUTHON May cruse iitation 3 the eyes, and ckin, Da not get in eyes, on skin, o
on elolbing. Da et take ¢ lly. Use with adeg Hatjen Rirse thoreughly with
wiales altss handling. R irated and wash clothing before zeuse,
Weos protective eyewear [goggles, face shield or safety glasses), protestive clathing ang
probzctive gloves (nbiber, chemical resiatant) whea handling.

ENVIROMNMENTAL HAZARDS
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Do not discharge ellloent sonteining s peoduce (0 sewet systems withinn previously
notifying the local sewage treatment plang authority. For guidance, rontaet yeur State Woter
Beowd o Begonal Offiee of tha ERA,

STORAGE AND HSPOSAL

Do nod eoatamings water, food, o feed by Homge or fispesad. Opon demping is prebibined.
PESTICIDE STORAGE:Keep coolsiner ightly thord. Shote in 1 dry place, Losking or demaged
coatoirery thoubd be placed n b wverpack eoatiiney S dispoqal. Spille shootd be rontaimed 2nd cleared
ey 0n Mot oot el e 2! irpesed ol i sty Lad il
FESTICIDE DISPOSAL: Paslithde wastes aue tovis. Tnproper disposs] of ercess pogheide, s
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H%gggfz&ié Cleaning the cortunar bofore fine] dispaes! i the

ibitiy of the person Saposing of e imer, Cleasting hefire refilling is xhe meporsibsility of

M aLco

Nalco 60620

A MICRGGRGANISM CONTROL CHEMICAL
ACTIVE INGAEDIENT.

Aruncoiem Sulfe, | itz
INERT INGREDIENTS BRd

EPA Reg. No. 1706.500X

EPA Esi. No. J705.IE-1 (BE)  EPA Est Ny, 1706-WA-] (VW)
EPA Bat. Mo 1706-PA-1 (ELy  EPA Far No. 1706-LA-2 (FL)
Letter in () that tnatches first Jertes im batch numbey iduntifiea the establismeant nuinbes.

KEEP OUT OF REACH OF CHILDREN
CAUTION

FIRST AYD
F N EYES: Hald eyer oper and rinse slowly and geelly with woalee For 15-2¢
yakles. Remove sontect lenses, if present, efter the [l 5 minvtes, then conlinue

the refillr. Tochown the comainer befert fkaad disposal, smpty o remalalng sontmis Koo thi
min applickion couipment o mix ik, Fill e eoniviner pheat |0 percert Rl with waies  Apitae
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" i wesilabde, o :
pracsduns senoved by staes and bocad

rinning, Call a poison tontrol center or docter fes treatzners advico.
W EWALLOWED: Call £ poison cenice] eenter oz docter immedistely fos treatment
alvico lave person sip 1 glass of water if abk: to snallow. Do not induce vominng
coless told By a poussn control ceter o7 ductor. Da not give wpihiog lo an
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IF ON SKIN' Take off contaminated dalbing, Rinse skin immedisiely with plenty of
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Revised: 03/0/200)

This Product is Not Regulated During Transportation

SEELEFT SIDE PANEL FOR ADINTIONAL
PRECAUTIONARY STATEMENTS.

Malco Coapany
160) West Dioh! Road

Neperville, IL £0561-119%
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UNIT- STATES ENVIRONMENTAL PROTECTIM ™~ AGENCY

S U.S. ENVIRONMENTAL PROTECTION BPA Reg. J | Date of Issuance: If
AGENCY Number: g i
Office of Pesticide Programs 1706-24% PUN 29 201,

Antimicrobials Division (7510P) 1
1200 Pennsylvania Avenue NW
Washington, D.C. 20460 Term of IsSGaREET

Unconditional

s S - i A, &

Name of Pesticeide Product:

NOTICE OF PESTICIDE .
%  Registration Nalco 60620 ‘z

Reregistration J

=

{upnder FIFRA, as amended)

Name and Address of Registrant (include ZIP Code):

Nalco Company

1601 West Diehl Road \
o

Naperviile, IL 60563

"'_..sem.m e
Wf“"

AT g!st hoWbe .
KRS R ﬁmwwg SR
On the basis of information fumished by the registrant, the above named pesticide is héreby registeredfreregistered under the Federal

insecticide, Fungicide and Rodenticide Act.

Registration is in no way to be construed as an endorsement or recommendation of this product by the Agency. in order to protect
health and the environment, the Administrator, on his motfon, may at any time suspend or cancei the registration of 2 pesticlde in
accordance with the Act. The acceptance of any name in connection with the registration of a product under this Act is not to be
congtrued as giving the registrant a right to exclusive use of the name or to its use if it has been covered by others.

This product (OPP Decision No. D443828) is unconditionally registered in accordance with
FIFRA sec 3(c)(5) provided that you:

1. Make the labeling changes listed Below before you release the product for shipment:

a. Revise the “EPA Registration Symbol to read, “EPA Reg. No. 1706-240

sSYMaol

SURHAME §

DATE

. Product Manager Team-31

. s TS S
Signature of Approving Official: E% ; Datr“": SRR |

Regulatory Management Branch : i

v ;Wfr'-uﬁ&h'*wm@-

-
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EPA Form 1320-1A (1/90) Prinsed on Recycled Paper

SFFISL FILE COPY



Page 2 _ e i o
v ~STATES ENVIRONMENTAL PROTECT] AGENCY
EPA Reg. No. 1706-230"

b. Revise the Precautionary Statements to read as follows.
“CAUTION: Harmful if swallowed or absorbed through the skin. May cause irritation to
the eyes and skin. Do not get in eyes, on skin, or on clothing. Use with adequate
ventilation. Wear protective eyewear (goggles, face shield or safety glasses), protective
clothing and protective gloves (rubber, chemical resistant) when handling. Remove
contaminated clothing and wash clothing before reuse. Wash thoroughly with soap and
water after handling and before eating, drinking, chewing gum, using tobacco or using the
toilet.”

c. As per PR Notice 200]-1, revise your First Aid statements such that to be
ordered from most toxic to least toxic route of exposure. Revise the order to read “If
Swallowed” followed by “If On Skin” followed by “If In Eyes™ and “If Inhaled.” "
d. Revise the first two sections of the “Directions for Use” as follows: “...For
the control of bacteria, algae and fungi. Nalco 60620 must be used in conjunction with: 1) an
EPA registered sodium hypochlorite product (/2.5%) to produce chioramine; and 2) the
OxiPRO delivery system af a pH of =12 as described below. Nalco 60620 and the sodium
hypochlorite are mixed in the specially designed OxiPRO delivery system that produces the:
chloramine solution... The design, treatment, installation, calibration, and operation of the
feeding system in all plants is fo be conducted only by authorized and trained personnel.” Also
delete the two other instances of “stabilized chlorine” in these sections and replace with
“chloramine.”

e. Revise the Pulp and Papermill Water ‘Systems section by deleting both instances of the
phrase “stabilized chlorine” and replacing with “chloramine.”

f. Revise the Slug Feed Method, Intermittent Feed Method, and Continuous Feed
Method sections to be in agreement with PR Notice 2000-5 which specifies mandatory language
in the directions for use. Revise the statements in each of these sections by deleting the words
recommended and typically. In addition, delete all references in this section to “stabilized
chlorine.” Revise all instances of stabilized chiorine to state “chloramine.” Revise these
statements as follows: “...The chloramine is dchieved by mixing...” or “...the appropriate
amount of chloramine to the system...”

g. Add the following Physical and Chemical Hazards section to your label:
“Physical and Chemical Hazards: Direct mixing of this product with sodium hypochlorite
solutions and other strong oxidizing and alkali chemicals will release hazardous gases. Only
mix with other chemicals or materials solutions following the Directions for Use of this
product.”

DATE

SURHANME . .
Tl rtavaninsandtivf hass ot ins Ay ma ETTILL L L LI ITIT 3 FETTITE YT T Y, FEL TP PPy e LY TR Y | = L2 *

CONCURREMCES

L LT T wspdvdavesnnataistlagunbraviovaan Aaunl oy sy s anatmteiary

EPA Form 1320-1A {1/90) Printed ca Recycled Paper

OFFﬂAL FILE COBY



Page 3
EPA Reg. No. 1706-240

2. Submit three (3) copies of your final printed labeling before distributing or selling the
product bearing the revised Iabeling.

Your release for shipment of the product constitutes acceptance of the above label
changes. A stamped copy of the label is enclosed for your records. Should you have any
questions regarding this letter, please contact Tracy Lantz at lantz.tracy@epa.gov or
(703) 308-6415.

Sincerely,

Deromes- %%@&

Velma Noble

Product Manager (31)
Regulatory Management Branch
Antimicrobials Division (7510P}

Enclosure: Stamped Label
7510P:T. Lantz:6/29/11:1706-240 ammonium sulfate AD reg notice
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Decision Document for Registration of a Pesticide Product
Containing the New Active Ingredient Ammonium Sulfate
for Use in Pulp and Paper Mill Water Systems

June 29, 20611

U.S. Environmental Protection Agency
Office of Pesticide Programs
Antimicrobials Division
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Decision Document for Registration of a Pesticide Product
Containing the New Active Ingredient Ammonium Sulfate
for Use in Pulp and Paper Mill Water Systems

Approved by: %’L MMM

Hamgan—Farreily, Director
Antimicrobials Division

Date: é‘/ﬁq/ ol |
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Registration of a Pesticide Product Containing the New Active Ingredient Ammoniwm
Sulfate for Use in Pulp and Paper Mill Water Systems

1. REGULATORY SUMMARY

The U.S. Environmental Protection Agency (EPA or the Agency) is granting a registration for
a pesticide product containing the new active ingredient, ammonium sulfate. After careful
review of the registration application and a review of the risk assessment conducted for
ammonium suifate, EPA has decided that no-additional data are needed at this time to support
this registration. As a result, EPA is granting the registration application without conditions.
The Agency has determined that when the product is used according to label directions and in
accordance with widespread and commonly recognized practices, it will not generally cause
unreasonable effects on human health or the environment. Nalco 60620 contains 20%
ammonium sulfate and is mixed on site with sodium hypochlorite to form chloramine and used
as a slimicide in pulp and paper mill water systems at a residual chlorine level of 1-10 ppm. This
reaction occurs in situ (on site) using only the specially-designed OxiPRO delivery system
operated by authorized and trained personnel. Ammonium sulfate is similar in chemical make-
up and intended use to a cwrrently registered product containing ammonia (ammoniwm ion) as the
active ingredient. Ammonium sulfate is classified as GRAS in section 184.1143 of FDA’s CFR
21 for direct addition to food and for use in food contact materials,

Chioramine and hypochiorous acid are the only potentially toxic compounds resuiting from
the reaction of ammonium sulfate and sodium hypochiorite in the OxyPRO delivery systemn that
could be transferred to food through treated paper and paperboard used for food contact. Two
additional potentially toxic reaction products, dichloramine and trichloramine (also called
nitrogen trichloride), may theoretically form under certain conditions such as in swimnming
pools.! [Ref. 1]

FDA has concluded that monochloramine is not expected to become a component of food as
a result of the use of ammonium sulfate in the manufacture of food contact paper and paperboard.
[Ref2] The Agency concurs with the FDA conclusions. Although limited toxicity data are
available on chloramine, neither it nor hypochlorous acid is expected to remain in the paper to
migrate to food due to their high water solubilities and rapid degradation. The only other

1 The Ageney is aware of literature suggesting that in swimming pools where the pH is typically 7.0 -7.5, there may be an
cxeess of chlorine to rezct with ammonia/ammonium fon resulting ffom the hydrolysis of urea excreted by swimmers via the
urine and sweat; these are conditions favorable to the formation of dichloramine and lesser amounts of the volatile and irvitating
nitrogen trichloride (trichloramine). However, the OxiPRO system does not use an exeess of the chlorine source (sodium
hypochlorite) relative to the nitrogen source (ammonium sulfate) and the pH is maintained at 212. Therefore, virtually none of
the other two potential products (dichloramine and nitrogen trichloride) are expected to form because there is insufficient sodium
hypochlorite prescnt 1o ¢hlorinate the chloramine one or two additional times. Also, formation of dichloramine and nitrogen
trichloride is minimal above pH 8. This is supporied by air monitoring data submitted ry Nalco from two paper mills. [Ref. |, 4
and 5]
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residues in paper will be sulfate, nitrate, ammonium, and chloride ions which are not of
toxicological concern. No dietary (food) risks are expected to be associated with the proposed
uses.

As a matter of policy, EPA generally invites the public to comment on its final registration
decision documents for certain registration applications prior to formally issuing such decisions. In
this instance, however, the Agency has determined that such a public comment period prior to
issuance of the final decision document is unnecessary, in as much as it would be duplicative of the
extensive public comment period (and related additional public process) that has already been
provided in connection with this pesticide product. Specifically, three petitions were previously filed
with the Agency variously questioning whether this ammmonium sulfate product and a somewhat
similar urea-based product in fact need to be registered as biocides under FIFRA. All docusments
submitted by the three petitioners and all public comments submitted as part of the public process the
Agency provided in connection with the three petitions are contained in docket number EPA-HQ-
OPP-2009-1005. EPA's regulatory decision in response to those petitions is also contained in that
docket. On February 2, 2011, EPA published a Notice of Receipt (NOR) in the Federal Register
concerning the Nalco registration applications received in December 2010. A public comment
period opened upon publication of the NOR for the registration applications. EPA established a 30
day comment period that closed on March 4, 201 1. In light of these unique circumstances, EPA does
not see the need to engage in an additional public comment process relating to this particular
pesticide product prior to issuing this final registration decision. Nonetheless, EPA will keep the
docket that it has established for this registration decision open for 30 days after issuing this
registration decision in order to allow for the submission of any previously unsubmitted data or
information that is believed to pertain to the potential impact of this pesticide product registration
decision on human health and the environment. After the 30 day comment period has run, the
Agency will review anything submitted and assess its possibie impact on this registration decision.
If the Agency determines that no change 1s necessary in connection with this registration decision,
this registration decision process will be deemed closed. -
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IL. REGULATORY BACKGROUND

The Nalco Company submitted an application on December 23, 2010 for the registration of an
ammonium sulfate product (Nalco 60620) The product is intended for use in conjunction with
sodium hypochlorite for i mill water systems. In 2003, a hazard
assessment wascond s firié) which is the compound that is
produced in the OxiPRO closed system reactor from the combination of ammonium sulfate and
sodium hypochlorite. The chioramine is metered into the pulp and paper water system where it

degrades to hypochiorous acid.

Chloramine is formed when ammonium sulfate is mixed with sodium hypochlorite and
applied to pulp and paper mill water systems. Ammonium sulfate is the compound that is
packaged, sold, shipped, and initially applied and is considered by the Agency to be the “active
ingredient” for registration and labeling purposes.

II1. STRUCTURE AND NOMENCLATURE
Table 1: Structure and Nomenclature of Ammonium Suifate and Chloramine

Chemical Structure: Ammonium Sulfate

o 0, 0
NH, S
00

2

Chemical Stracture: Chloramine

NH,-C1
Common Name Ammoniutn Sulfate Chloramine
Molecular Formula (NH2)»S04 HoCIN
Molecular Weight 132 5148
TUPAC Name Diazanium sulfate Chloramide
CAS Number 7783-20-2 10599-90-3
PC Code . 005601 N/A
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PHYSICAL AND CHEMICAL PROPERTIES

Table 2: Physiochemical Properties of the Ammonium Suifate and Chloramine

Physical State Liguid Liquid

Melting point/range 280°C -66°C

Boiling point/range N/A ~190°C

Density 1.0563 g/mL at 20°C 1

Water Solubility 43-70 g/L (25°C) Highly soluble in water
Vapor Pressure ~1x 10” mmHg (at 25°C) | 6.23 x 10 mmHg at 25°C
V. HUMAN HEALTH RISK ASSESSMENT

A summary of the human health risk associated with the use of Ammonium Sulfate in pulp

and paper production is provided below.

Ammonium sulfate has low acute toxicity. [Ref 3}

Longer term mammalian dosing studies resulted in such low toxicity that toxicity
endpoints could not be selected. [Ref 3]

The only potentially toxic compounds resulting in the water system that could migrate to
food are chloramine and hypochlorous acid; however, they are not expected to remain in
the paper to migrate to food. The only residues in paper are expected to be sulfate,
nitrate, ammonium, and chioride ions which are not of toxicological concern, Therefore,
no dietary (food) risks are expected to be associated with the proposed uses. [Ref 1 and 4]
Occupational risks from ammonijum sulfate are not anticipated to be of concem because
ammonium sulfate is handled in a closed system. Occupational exposure to chloramine is
not expected because chloramine is not expected to volatilize. [Ref 5]

With regard to hypochiorous acid, there is no anticipated exposure of concemn because
dermal exposure is not likely in a commercial paper mill due to the fact that the product is
handled in a closed system and inhalation exposure is not expected because hypochlorous
acid is not volatile. [Ref 4 and 5] )

Very low levels of chloramine and hypochlorous acid may be discharged into the mill’s
helding ponds/lagoons but these would rapidly dissipate before there is the potential to
contaminate drinking water. Therefore, no drinking water risks are expected from the
proposed uses. {Ref 1 and 4]

Owing to its commercial, industrial nature, the pulp and paper mill water system use
pattern has no associated residential exposure.[Ref 4 and 5]
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Ammonium sulfate is exempt from the requirements of a tolerance when used as an inert
ingredient in pesticide formulations applied to growing crops or to raw agricultural commodities
after harvest (40 CFR §180.910). Ammonium and sulfate ions are normal body constituents.
Ammonium ion is important in body pH balance and is converted to urea prior to excretion. It is
essential for biological processes such as serving both as a precursor and a degradate of amino
acids and nucleotides. It is a naturally-occurring crop constituent that is found in commonly-
consumed foods. [Ref 3 and 4]

Ammonium sulfate dissociates in biological systems, and the results from studies testing
other ammonium salts can be applied to ammonium sulfate, as it is the ammoniwm ion that is the
substance of concem from a toxicological standpoint. Fertility and developmental toxicity
studies testing ammonium sulfate were not conducted; however, there are studies that have been
conducted with other ammonium salts that can provide mformation on the toxicity of the
ammonium ion. A screening study conducted according to the OECD TG 422 protocol dosing
with ammoniwm phosphate as an analog substance (forms ammonium ion in water) is available
and studies with other ammonium compounds were used for assessment of fertility and
developmental toxicity. Based on the results of these studies, ammonium compounds have not
been associated with adverse developmental effects. {Ref 3]

There are no in vivo genotoxicity data on ammonium sulfate. However, results from in vitro
studies indicate that ammonium sulfate is not genotoxic. The results from i vitre studies are
supported by an in vive study conducted with ammonium chloride which also concluded that the
ammonium ion was not genotoxic. Based on the results from both in vivo and in vifro
genotoxicity studies, mutagenic activity of ammonium suifate is unlikely. [Ref 3]

Based on its natural occurrence, being a human metabolite, history of safe use as a direct food
additive, and due to the absence of adverse effects in test animals at high doses, there is no
hazard expected from human exposure to ammonium sulfate, Therefore, toxicity endpoints for
ammonium sulfale were not selected and quantitative risk assessments are not warranted.
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a. Toxicity

Due to the low toxicity of ammonium sulfate, there are no endpoints of concern. Table 3 provides the
acute toxicity values for ammonium sulfate.

Table 3;: Acute Toxicology Summary for Ammonium Sulfate Active Ingredient

T.._ = ]
Guideline
Ne. Swudy Type MRiD Results Toxicity
Category
!| S‘Egll i;’g Acute Oral 483408-05 LDs, > 2000 mgfkg 11
N Acute Inhalation 483408-05 LCsp> 1000 mg/m’ v
£70.2400
81-4) Primary Eye I[rritation 483408-05 Non-irritant 3%
87("212;;}0 Primary Skin [rritation 483408-05 Non-irritant w
CECD 2006 SIDS
8‘28.}225}0 Dermal Sensitization™ é!:'.l;iilt Assesi?i‘; Non-sensitizer N/A
" Sulfaze .

*Dermal sensitization study conducted with ammonium hydroxide. Ammoniutmn ions are non-
sensitizing.

Chloramine

A hazard assessment was conducted in 2005 for chloramine (monochloramine), the compound that
will be formed when ammonium sulfate is combined with sodinm hypochiorite, [Ref 6]. When the
chloramine is metered into the paper mill water system, 1t degrades into hypochliorous acid. The
following conclusions can be made with regard to human hazard of chloramine based on the 2005
hazard assessment:

¢ Due to the chemical relationship between chloramine and chiorine, the Agency concluded
that developmental studies conducted with chlorine could be used to satisfy data
requirements for chloramine. Based on this, developmental studies conducted with chiorine
demonstrated no concerns for increased sensitivity to offspring. [Ref 6}
¢ Multi-generational reproduction studies conducted with chloramine resulted in no effects on
parental animals or offspring. [Ref 6}
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e Chioramine was neither carcinogenic nor mutagénic. [Ref 6]

« Anoral reference’dose (RfD) of 0.1 mg/kg/day was calculated forchioramine. This dose was
based on the results of a chronic oral study in Fisher 344 rats in which a decrease in body
weight was reported at doses greater than 9.5 mg/kg/day (NOAEL). Anuncertainty factor of
100X was applied. Oral exposure at the pulp and paper mill is not expected to occur and
residues of chloramine are not expected to migrate to food. [Ref 6]

b. Occupational Risk

Handler Exposure and Risk

The registration of ammonium suifate is not anticipated to result in any risks of occupational
exposure to ammonium sulfate because ammonium suifate is of low toxicity and it is handled in
a closed system. It is also anticipated that the reaction of ammonium sulfate with sodium
hypochlorite will be controlled to enhance the production of monochloramine Qccupational
exposure to chloramines and the hypochlorous acid it releases is not expected because no dermal
exposure is expected with the OxiPro closed system and because these two compounds are not
likely to volatilize. This is supported by air monitoring data submitted by Nalco from two paper
mills. See footnote on page 3.

¢. Residential Risk
There are no residential uses for this product.
2. Environmental Risk

a, Environmenta} Fate and Exposure

Ammonium ions or ammonium sulfate are not likely to pose any risks of concern in
environmental media including air, soil, and water. Ammonium sulfate is an inorganic chemical
and is a highly water-soluble salt. It has no measurable vapor pressure. It is not likely to
bioaccumulate in aquatic organisms, although there have been reports of ammonia uptake by
fish. Environmental fate guideline (Series 835) studies like hydrolysis and aqueous photo
degradation are not applicable to ammonium suifate because ammonium sulfate is an inorganic
substance and the fate guidelines are not applicable to inorganic substances. Ammonium ion
does not exist by itself and ammonium sulfate is adsorbed on soils and sediments. In clay
particles of soil, it is adsorbed on the negative adsorption sites. Under anaerobic conditions, the
adsorption is weaker than under aerobic conditions. [Ref 7}

Ammonium ion is present in various environmental media like water and soils. It does not
remain in any one environmental medium and is recycled into various environmental media over
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the course of time. In air, it exists as ammonia gas; the half-life in air is estimated to be a few
days. Ammonium ion, under basic conditions can be converted into ammonia gas, which escapes
into the atmosphere. [Ref 7]

The central atom in ammonia is nitrogen which is one of the most active elements, Ammonium
ion is essential to the nitrogen cycle in biological systems serving as the nitrogen source in the
synthesis of amino acids, the building blocks of proteins, Nitrogen exists in a variety of
oxidation states. Under aerobic aqueous conditions, ammonium ion is readily biodegraded by
bacteria through the process called itrification. [Ref 7]

b. Ecological Effects

Based on the proposed use pattemn for this registration, anunonium sulfate is not expected to
result in acute or chroric risks to terrestrial birds, mammals, or plants or to aquatic species. Under
proposed conditions of use, the product is not expected to result in exposure based on the fact that it
is being used indoors in pulp and paper mill water systems. Although traces of oxidative residues
(such as chloramine) in the waste water may be discharged into the holding ponds or lagoons of the
paper mill, these will rapidly degrade and will not enter aquatic or terrestrial environments. As
endangered species are not expected to be exposed, a quantitative or more refined endangered
species effect determination is not necessary at this time. No additional ecological testing will be
necessary. [Ref4 and 8]
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Table 4: Acute Ecotoxicity Studies for Ammonium Sulfate

STUDY TYPE - AUTHORS RESULTS CLASSIFICATION
Acute Toxicity to Tony Hasler 24- and 48-hour Acceptable
Daphnia magna Springbom EC50 =>5000 and
(850.1010) Smithers Labs 4044mg/l., Practically nontoxic
respectively
48-hour NOEC =
1250 mg/L
Acute Toxicity to bluegill | Tony Hasler 96-hour LC50 = Acceptable
sunfish (850.1075) Springbom 354 mg/L
Smithers Labs 96-hour NOEC = Practically nontoxic
62.5
Acute Oral Toxicity Test | Jennifer Stafford LD30 =>2003 Acceptable
(1.D30) with northern Springbom mg/kg body weight
bobwhite (850.2100) Smithers Labs NQEL =2003 - Practically nontoxic
mg/kg body weight
Acute toxicity to rainbow | Tony Hasler 96-hour LCS50 = 722 | Acceptable
trout (850.1075) Springbom mg/L
Smithers Labs 96-hour NOEC = Practically nontoxic
250 mg/L

All four studies were acceptable and could be used in a risk assessment, if one were necessary. The
results demonstrated that the tested chemical, ammoniuti: sulfate, was practically nontoxic to
Daphnia magna, bluegill sunfish, rainbow trout, and northern bobwhite quail.

REGISTRATION DECISION

The U.S. Environmentai Protection Agency (EPA or the Agency) is granting a registration fora
pesticide product containing the new active ingredient, ammonium sulfate. After careful review of
the registration application and a review of the risk assessment conducted for ammonium sulfate,
EPA has decided that no additional data are needed at this time to support this registration. Asa
result, EP A is granting the registration application without conditions. The Agency has determined
that when the product is used according to label directions and in accordance with widespread and
commonly recognized practices, it will not generally cause unreasonable effects on human health or
the environment.
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As previously described, EPA has not identified endpoints of concem for repeated oral or dermal
exposure to ammonium sulfate. The registration of this use for ammonium sulfate is not expected
to result in exposure to terrestrial birds, mammals, plants or aquatic species; therefore, EPA does not
have concerns for non-target organisms. No additional studies are required to address the safety to
humans and the environment. The human health risk assessment concluded that the databases are
adequate to support the proposed registration. It is not anticipated that this registration of ammonium
sulfate will result in any risk of dietary, occupational, residential, or aggregate exposure, as the
chloramine degrades/reacts quickly in the pulp and paper mill water system, will be used in a closed
system, and has no proposed residential uses.

The environmental fate and effects reviews concluded that the registration of ammonium sulfate
is not expected to cause any risks of concern to environmental media, including air, soil and water.
The use pattern is not expected to result in acute or chronic risk to birds, mammals, plants or to
aquatic species. A quantitative or more refiited endangered species assessment is not necessary as
endangered species are not expected to be exposed based on the rapid degradation of residues and the
use patterns for the product.
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

WASHINGTON, DC 20460
OFFICE OF CHEMICAL SAFETY AND POLLUTION PREVENTION
Jﬂﬂﬁﬂ 31'4,4_0
%"’« s June 29, 2011
MEMORANDUM:
Subject: Occupational Exposure Assessment for the Proposed Use of Ammonium Sulfate
as Nalco 60620 in Pulp and Paper Mill Water Systems
PC Code: 005601 DP Barcode: D391275
Decision No.: 443828 Registration No.: 1706-EUN
Petition No.: NA Repulatory Action: Product Registration — Section 3
Risk Assess Type: Single Chemical | Case No.: NA
TXR No.: NA CAS No.: 7783-20-2
MRID No.: 48340810, 48461201 40 CFR: NA
To: Tracy Lantz, Product Manager, Team 33
Regulatory Management Branch I
Antimicrobials Division (7510P)
From: Timothy C. Dole, CIH, Industrial Hygienist ﬁf {a. M
Risk Assessment and Science Support Branch (RASSB)
Antimicrobials Division (7510P)
Thru: Timothy Leighton, Senior Scientist = ﬁ

Risk Assessment and Science Support Branch (RASSB)
Antimicrobials Division (7510F)

And

Nader Elkassabany, Branch Chief
Risk Assessment and Science Support Branch (RASSB) /
Antimicrobials Division (7510P)
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Intreduction

The purpose of this memo is to evaluate the potential for occupational exposure and risk
resulting from the proposed use of ammonium sulfate to treat pulp and paper mill water systems.
This evaluation is based on the proposed label, an exposure evaluation submitted by Nalco, air
sample results provided by Nalco and information from the literature.

Use Information

Nalco 60620 is proposed for the control of microbial contamination in pulp and paper mili
water systems. lt contains 20 percent ammonium sulfate as the active ingredient and it is used in
conjunction with sodium hypochlorite (typically 12.5%) in a proprietary delivery system
{OxiPro) to produce monochloramine on site. The OxiPro delivery system controller ensures the
automatic production of the dilute chloramine solution, controls the optimization of the
production process, and ensures the adequate dosing into the water requiring treatment. The
treatment can be administered using the slug, intermediate or continuous feed methods. The
specified dose is 1 to 10 ppm available chlorine for both initial and subsequent treatments.

Exposure Assessment

As discussed in MRID 483408-10 “Nalco 60620 - Discussion of Applicator Exposure Data
Requirement”, the OxiPro feed system is a closed system. The chemicals are supplied in
refillable portable totes, semi-bulk containers, or from tanker trucks and are transferred through
hoses to storage tanks. The chemicals are then transferred from the storage tanks into the
OxiPro feed system and then the mixture is pumped into the mill process. Based on this
information it is anticipated that exposures to the precursor chemicals ammonjum sulfate and
sodium hypochlorite would be minimal and would not trigger any risk concerns. Although not
specifically stated on the label, it is anticipated that the reaction will be controlled by maintaining
alkaline pH to enhance the production of monochloramine, which is only slightly volatile from
water while minimizing the production of trichloramine (also called nitrogen trichloride), which
is highly volatile. As discussed in Kovacic et al., 1970, the product of the reaction of ammonia
with chlorine or hypochiorous acid is chioramine when the pH >8.

Air Sampling Data for Nitrogen Trichleride (NCl;) in Paper Mills

Nalco has submitted air sampling data (MRID 484612-01) where NCIl; air concentrations as
total chloramines were measured in one paper mill that was using Nalco 60620 as a biocide (Mill
#1) and in another paper mill that was using ammenium bromide as a biocide (Mill #2).
Additional information regarding the characteristics of each mill was also reported in a letter
(Mann, 2011b) from the registrant’s representative and is included in Table 1. 1t should be noted
that the location and production rate of each mill was reported but is not included in Table |
because it is confidential business information.

Page 2 of 5
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Table 1 - Characteristics of Paper Mills Sampled in MRID 484612-01

Characteristic | Mill #1 Mill #2
Location Confidential Confidential
Type of Paper | Light weight coated Coated free sheet
Produced Coated free sheet

Uncoated free sheet

Production Rate

Confidential

Confidential

Ventilation Roof exhaust fans. Moisture capture Roof exhaust fan. Pocket ventilators in
Design from exhaust fans in the dryer section. the dryer section for moisture control,
Building 12,000,000 cubic feet 6,000,000 cubic feet

Volune

Airflow Not Reported 580, 000 CFM (5.8 ACH)

The samples were collected by either an 1H Consultant (Mill #1) or by a Nalco Industrial
Hygienist (Mill #2) using a sampling method based on Hery, 1995. This method includes a
sampling cassette that contains a PTFE pre-filter to trap aerosols containing nonvolatile amines,
such as monochloramine, and chloride compounds followed by primary and backup quartz fiber
filters impregnated with sodium carbonate and diarsenic trioxide to trap NCl;. Samples were
collected at a flow rate of 1.0 liter per minute for 128 to 177 minutes at Mill #1 and for 240
minutes at Mill #2. The samples were analyzed by Galson Laboratories, which is accredited by
the American Industrial Hygiene Association, using ion chromatography in accordance with an
in-house method based on Hery,1995. This method detects total chloramines and has a limit of
detection of 6 ug per filter.

The results of the air sampling are summarized in Table 1. These results indicate that for
Mill #1, NCl; air concentrations exceeded 0.01F or 0.14 mg/m3 for samples 2AR, 2ARB and
2ARC while for the remaining samples, NCl; did not exceed the limit of detection that ranged
from 0.03 to 0.05 mg/m>. The actual air concentration for samples 2AR, 2ARB and 2ARC is
unknown because significant breakthrough was detected on the backup treated filter. In Mill #2,
the results ranged from non-detect to 0.13 mg/m’ and no breakthrough occurred though it was
noted that heavy misting oceurred at Location #] and significant eye irritation was experienced
at Location #2.

Page 3 of 5
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Table 1 Nitrogen Trichloride Alr Sample Data Submitted by Nalco

Miil Location Sample | Duration | Result | Treatment
(Date) 1)) (Minutes) | (mg/m°)
Mill #1 Paper Machine — location confidential 2AR 135 >{),14% | Nalco 60620
{10/14/08} | Paper Machine — location confidential 2ARB 153 >0.11* | (Ammonium
Paper Machine — location confidential 2ARC 152 >0).14* | Sulfate)
Paper Machine - location confidential 2CRFA 148 <0.04
Paper Machine - location confidential 2CRFB 177 <0.03
Paper Machine — location confidential 2CRFC 136 <(.04
Paper Machine — location confidential 28POFA 134 <0.04
Paper Machine — location confidential 2SPOFB 160 <0.04 |
Paper Machine — location confidential 4RSA 127 <0.05
Paper Machine - location confidential 4RSB 151 <0.04
Paper Machine — location confidential 4TRSA 128 <0.05
Paper Machine — location confidential 4TRSA 150 <0.04
Mill #2 Location #1 — Wet End Paper Machine — 082609-1 240 0.067 | Ammonium
{08/26/09) | Upper Platform Fourdrinier Bromide
Location #2 — Basement Machine Room — 0826092 240 0.13
Platform Adjacent to Open Mix Chest
Location #3 — Walkway Wet Machine Room — 082609-3 240 <0.02
Adjacent to Lab

*Break through occurred and the actual result could be greater than indicated. 1In addition, it is not known if these
results reflect NCl; or other chlorine species because a silica gel tube was not used.

The sampling method used by Galsen Laboratories is based on the method developed by
Hery, 1995 for use in evaluating NCl; exposures in swimming pools. This method was
subsequently modified in Hery, 1998 for use in food processing plants to include a sulfamic acid
treated silica gel tube in front of the treated filters. This tube was added to capture other chlorine
species such as hypochlorites, monochloramine and dichloramine which would make the
method more specific for nitrogen trichloride (i.e. trichloramine). Since this tube was not used in
the samples submitted by Nalco, the results are not specific for nitrogen trichloride and could
instead reflect the presence of other chlorine species such as monochloramine.

Conclusion

The registration of ammonium sulfate as Nalco 60620 is not anticipated to result in any risks
of occupational exposure to ammonium sulfate because ammonium sulfate is of low toxicity and
it is handled in a closed system. It is alse anticipated that the reaction of ammonium sulfate with
sodium hypochlorite will be controlled to enhance the production of monochloramine while
minimizing the production of trichloramine. It is recommended that the conditions needed to
prevent the production of trichloramine be stated on the label.

The samples submitted by Nalco indicate that chloramines, which could include nitrogen
trichloride, were detected at air concentrations ranging from 0.067 mg/m® to greater than >0.14
mg/m’. The exact air concentration could not be determined, however, because breakthrough
occurred. The identity of these chloramines is also unknown because the sampling method did
not include a silica gel tube which would have screened out the less volatile amines such as
monochloramine and dichloramine.

Page 4 of 5
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Human Studies Considerations

The exposure studies included in this risk assessment (Hery et al., 1995, Hery et al., 1998)
have been ¢leared for use in risk assessment by the QPP ethics reviewers.

References:

Kovacic et al., 1970. Chemistry of N-Bromoamines and N-Chloroamines, Kovacic, P., Lowery,
M., Field, K., Chemical Reviews, Volume 70, Number 6, pp 639-665, 1970

Hery et al., 1995, Exposure to Chloramines in the Atmosphere of Indoor Swimming Pools, Annals of
Occupational Hygiene, Velume 39, Number 4, pp 427-439, 1995,

Hery et al., 1998. Exposure to Chloramines in a Green Salad Processing Plant, Annals of Occupational
Hygiene, Volume 42, Number 7, pp 437-451, 1998.

Mann, 2001b. Response to your email of May 11, 2011. Letter from Julie Mann of Steptoe and Johnson
to Tracy Lantz of the Antimicrobials Division. May 13, 2011.
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, DC 20460

OFFICE OF CHEMICAL SAFETY AND FOLLUTION PREVENTIDN
w-‘GD ST.Q’Q.
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¥ acenct *

6/29/11
MEMORANDUM

SUBJECT: Nalco Co. Proposed Registration of Nalco 60620 Slimicide
Containing Ammonium Sulfate for Use in Paper and Paperboard
Water Systems: Ecological and Human Health Risk Assessments.

PC Codes: DP Barcode Nos.: D381302
Ammonium sulfate: 005601
Chioramine: NA

Decision Nos.: 443828 Registration Nos.: 1706-EUN

Petition No(s).: NA Regulatory Action: Registration of an end-use
product containing a new active ingredient

Risk Assess Type: Human health Case No.: NA
and ecological

CAS Nos.:
TXR No.: NA Ammonium suffate: 7783-20-2
chloramine: 10599-80-3
MRID Nos.: NA 40 CFR: NA

FROM: William Hazel, Ph.D., Risk Assessor
Risk Assessmenfc gr;d Science Support Branch

Antimicrobials Division (7510P)

THRU: Nader Elkassabany, Ph.D., Chief
Risk Assessment and Smence Support Branc!
Antimicrobials Division (7510P)

TO: Dennis Edwards, Chief
Regulatory Management Branch 1
Antimicrobials Division (7510P)
and
Tracy Lantz, Chemical Review Manager
Regulatory Management Branch 1
Antimicrobials Division {(7510P)
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EXECUTIVE SUMMARY

Nalco Co. has requested to register Nalco 60620 (EPA Reg. No 1706-EUN)
containing 20% ammonium sulfate. This product is to be mixed on site with
sodium hypochiorite to form chioramine and used as a slimicide in paper and
paperboard water systems at a residual chiorine level of 1-10 ppm. Treated
paper and paperboard may be used for food contact.

The following conclusions have been drawn from the available information to
address registration of this pending ammeonium sulfate product and human heaith
and ecological risks associated with use of this product as proposed:

The pesticide active ingredient in this pending product is ammonium
suifate.

Ammonium sulfate has low acute toxicity. Longer term mammalian dosing
studies resulted in such low toxicity that toxicity endpoints couid not be
selected.

The only potentially toxic compound resulting in the water system is
chioramine. Although only limited toxicity data are available on
chioramine, it is not expected to remain in the paper to migrate to food.
The only residues in paper will be suifate, nitrate, ammonium, and chioride
ions which are not of toxicological concern. Therefore, no dietary (food)
risks are expected to be associated with the proposed uses.

Very low levels of chloramine and hypochlorous acid may be discharged
but these would rapidly dissipate before there is the potential to
contaminate drinking water. Therefore, no drinking water risks are
expected from the proposed uses.

The paper and paperboard water system use patterns have no associated
residential exposure.

Occupational risks from ammonium sulfate are not anticipated to be of
concern because ammonium suffate is of low toxicity and it is handied in a
closed system. It is ailso anticipated that the reaction of ammonium suifate
with sodium hypochiorite will be controlled to enhance the production of
monochloramine while minimizing the production of frichloramine. Little
volatilization of chloramine from water systems is expected. However, it
may be advisable to minimize aerosol or mist generation.

The air sample results submitted by Nalco indicate that chloramines,
which could include nitrogen trichioride, were detected at air
concentrations ranging from 0.067 mg/m? to greater than >0.14 mglma.
The exact air concentration could not be determined, however, because
breakthrough occurred. The identity of these chloramines is also unknown
because the sampling method did not include a silica gel tube which would
have screened out hypochlorite, monochioramine and dichloramine.

Thus, at this time, there does not appear to be a concern for exposure of
pulp and paper mill workers to nitrogen trichloride.

46



EPA's Records Disposition Schedulr 2EST 361 Sclentific Data Reviews HED Records C~nter - Flle R192912 - Page 3 of 13

+ The only compounds of potential ecotoxicity concern in the water system
are chloramine and hypochlorous acid. Very low levels of these
compounds may be discharged but these would rapidly dissipate in the
lagoon well before they could enter an aguatic or terrestrial environment.
Thus, no measurable risk to nontarget organisms is expected from the
proposed use.

s Several label revisions are recommended for clarification.

BACKGROUND

Nalco Co. has requested to register Nalco 60620 (EPA Reg. No 1706-EUN)
containing 20% ammonium sulfate. This product is proposed to be used as a
slimicide in paper and paperboard water systems. This ammonium sulfate
product is to be mixed in situ (on site} with a sodium hypochilorite product to
produce chloramine.

This memorandum contains the human health and ecological risk assessments
and serves to make recommendations to risk managers in Regulatory
Management Branch 1 conceming the identity of the active ingredient in Nalco
60620 and whether there is sufficient scientific information available to permit
registration of this pending product containing the new active ingredient
ammonium sulfate. The following scientific memoranda formed the basis of the
assessments and recommendations contained herein:

o Earl Goad. 2/17/11. Nalco 60620. EPA Reg. No. 1706-EUN. D385697.
Product chemistry.

¢ Najm Shamim. 3/31/11. Nalco Company's Proposed Registration of
Nalco 60620 Slimicide Containing Ammonium Sulfate for Use in Pulp and
Paper Water Systems: Chemistry, Chemical Processes and
Transformation Products. D391308.

» Steve Malish. 4/19/11. Ammonium sulfate and monochloramine.
D381291. Hazard assessment.

= Timothy Dole. 6/29/11. Qccupational exposure assessment for the
proposed use of ammonium sulfate as Nalco 60620 in pulp and paper mill
water systems. D391275.

= A. Najm Shamim. 4/27/11. Environmental Fate Assessment of
Ammonium Sulfate and Chloramine. D391290.

» David Bays. 4/28/11. Ecological Risk Assessment for Nalco 60620 which
is an end-use product containing ammonium sulfate. The proposed
regisiration of this product is for use in controlling microorganisms using
an in-situ generating system for use in pulp and paper milils. D381292.
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PROPOSED USE

Nalco 60620 (20% ammonium sulfate) is proposed to be mixed in situ with a
sodium hypochlorite product using the specially-designed OxiPRO delivery
system operated only by authorized and trained personnel. The draft label for
Nalco 60620 directs the use of a molar ratio of ammeonium sulfate to sodium
hypochlorite of 1:1 to 1.2:1. Sodium hypochlorite is the active ingredient in a
number of end-use products registered for pulp and paper mill use. Treatmentis
proposed to be made using either the slug feed, intermittent feed, or continuous
feed method to achieve and maintain a 1-10 ppm available chlorine level.

REACTIONS BETWEEN AMMONIUM SULFATE AND SODIUM
HYPOCHLORITE

In aqueous solution under most conditions, hypochlorite ion (OCI') exists in some
gquilibrium or ratio with both molecular chiorine (Clz) and hypochlorous acid
(HOCI). The ratio mainly depends on pH but temperature and the concentration
of nitrogenous and organic materials are also important. Thus, although a
sodium hypochlorite product is proposed to be mixed with Nalco 60620, it is the
hypochlorous acid form that reacts with ammonia (in equilibrium with the
ammonium sulfate from Nalco 80620) because hypochlorous acid is a much
stronger oxidizing/antimicrobial agent than hypochlorite ion. Reactions involving
ammoniafammonium sulfate and hypochlorous acid are also greatly dependent
upon pH, temperature, ratio of ammonium sulfate to hypochlorous acid, organic
matter content, etc. The Nalco Co. OxiPRO system must be operated at a pH of
212 and the molar ratios of ammonium sulfate to hypochiorous acid must be at or
above 1.1, i.e., never an excess of available chlorine. These conditions result in
the formation of chioramine which is metered into the paper or paperboard water
system. In the water system, chloramine degrades to hypochlorous acid.

HAZARD CHARACTERIZATION

The active ingredient, ammeonium sulfate, has been affirmed by FDA as
Generally Recognized as Safe (GRAS) when used as a direct food additive (21
CFR §184.1143). ltis also exempt from the requirements of a tolerance when
used as an inert ingredient in pesticide formulations applied to growing crops or
to raw agricultural commodities after harvest (40 CFR §180.910). Ammonium
and sulfate ions are normal body constituents. Ammonium ion is important in
body pH balance and is excreted largely in the urine. It is a naturally-occurring
crop constituent that is found in commonly consumed foods.

Fertility and developmental toxicity studies testing ammeonium sulfate have not

been conducted. As ammonium sulfate dissociates in biological systems, studies
testing other ammonium and sulfate salts can be translated to ammonium
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sulfate. A screening study conducted according to the OECD TG 422 protocol
dosing with ammonium phosphate as an analog substance (forms ammonium ion
in water) is available. Fully valid fertility studies with analog compounds
containing sulfate ions are, however, lacking., Two limited studies with sodium
sulfate can be used for assessment of fertility and developmental toxicity;
however, the fetuses were not examined histologically in either of these studies.
There are no in vivo genotoxicity data on ammonium sulfate. However, to bridge
to ammonium sulfate, a study testing ammonium chloride was used.

Based on its natural occurrence, being a human metabolite, history of safe use
as a direct food additive, and due to the absence of adverse effects in test
animals at high doses, there is virtually no hazard expected from human
exposure to ammonium sulfate. Therefore, toxicity endpoints for ammonium
sulfate were not selected and guantitative risk assessments are not warranted.

Acute Toxicity

Ammonium sulifate is of relatively low acute toxicity via the oral route (rat, LDso:
2000 - 4250 mg/kg), the dermal route (rat/mouse, LDso >2000 mg/kg), and
inhalation route (rat, 8-hr LCso >1000 mg/m®); note that Toxicity Categories were
not assigned. Clinical signs after oral exposure included staggering, prostration,
apathy, and labored and irreguiar breathing immediately after treatment at doses
near or exceeding the LDsg value. In humans, inhalation of an ammonium sulfate
aerosol at 0.1-0.5 mg/m? for 2-4 hr induced no pulmonary effects. At 1 mg{ms, a
very slight decrease in expiratory flow, in pulmonary flow resistance, and in
dynamic lung compliance were observed in healthy volunteers after acute
exposure. Neat ammonium sulfate was not irritating to the skin and eyes of
rabbits. A study conducted using ammonium hydroxide indicates that ammonium
sulfate is not likely to be a dermal sensitizer.

Inhalation

A 14-day inhalation study on rats exposed to 300 mg/m?®, the only tested dose,
did not report histopathological changes in the lower respiratory tract. As the
respiratory tract is the target organ system for inhalation exposure, the NOEL for
toxicity to the lower respiratory tract is 300 mg/m?.

Mutagenicity

Ammonium sulfate was not mutagenic to bacteria (Ames test) and yeasts with or
without metabolic activation. it did not induce chromosomal aberrations in
mammalian or human cell cultures. No in vivo genotoxicity tests are available.
Based on the negative results from in vitro studies and the negative results in the
in vivo micronucleus test using ammonium chiloride, mutagenic activity of
ammonium sulfate in vivo is unlikely.
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Similar to other saits, high doses of ammonium sulfate may have the capability of
tumor premotion in the rat stomach; it is, however, much less potent than sodium
chloride when {ested under identical conditions.

Fertility and Development

There are no valid studies available on the effects of ammonium sulfate on
fertility and development. Based on data from a similar ammenium compound
(diammenium phosphate), which has been tested up to 1500 mg/kg in a
screening study according to OECD TG 422 in rats, it can be concluded that
arnmonium ions up to the dose tested have no negative effects on fertility. In the
13-week feeding study of ammonium sulfate using rats, no histological changes
of testes were cbserved up to 1792 mg/kg. The ovaries were not examined.
Fully valid studies testing effects of sulfate on fertility are not available; however,
considering its overall low toxicity and natural occurrence in mammals, the
sulfate ion is not expected to exhibit adverse effects on fertility.

in a limited study (pretreatment time short, low number of animals, no fertitity
indices measured) in which female mice were treated with up to about 8550 mg
sulfate/kg (as sodium sulfate), no effects on litter size were observed.

Developmental toxicity studies testing ammeonium sulfate are not available. In
the screening study conducted accerding to OECD TG 422 with up to 1500 mg
diammonium phosphate/kg, no effects on development have been detected in
rats. [n another limited screening study involving exposure of mice to a single
dose of 2800 mg sodium sulfate/kg, no macroscopic or adverse effects on body
weight gain were detected in the pups. Fetuses were not histopathologically
examined in either study. Although available studies are limited, considering its
overall low toxicity and natural occurrence in mammals, the sulfate ion is not
expected to exhibit adverse effects on development.

Subchronic Study in Rats

A 13-week oral toxicity study of ammonium sulfate was performed in rats of both
sexes by feeding thern a CRF-1 powder diet containing concentrations of 0%,
0.39%, 0.75%, 1.5% and 3.0% of the substance. Rats were randomly divided
into 5 groups each consisting of 10 males and 10 females. Male animals in the
3% group exhibited diarrhea during the administration period. No changes
indicating obvious ammonium sulfate toxicity were observed in the body weights,
organ weights, hematological, serum biochemical or histopathological
examinations. Based on the resulis, the NOEL (no observed effect level) of
ammonium sulfate for F344 rats was judged to be 1.5% of the diet of males (866
mg/kg/day) and 3% of females (1975 mg/kg/day), and the MTD {maximum
tolerated dose) for 2-year carcinogenicity studies in F344 rats was concluded to
be 3.0% or more in the diet.
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Chronic Toxicity and Carcinogenicity of Ammonium Sulfate Administered
to Rats

Chronic toxicity and carcinogenicity studies of ammonium sulfate, used as a fopd
additive in fermentation, were performed in maie and female Fisher 344 rats at
dietary concentrations of 0%, 0.1%, 0.6% and 3% in a 52 week toxicity study and
0%, 1.5% and 3% in a 104 week (2 year) carcinogenicity study. Treatment with
ammonium suifate caused significant increase in kidney and/or fiver weights in
males and females of the 3.0% diet group, but no effects were found on survival
rate, body weights, and hematological, serum biochemistry, or histological
parameters at any dose levels in the chronic study.

Regarding carcinogenicity, ammeonium suifate did not exert any significant
influence on the incidences of tumors in any of the organs and tissues examined.
it was concluded that the NOAEL of ammonium suifate was 0.6% of the diet,
which is equivalent to 256 and 284 mg/kg/day in maies and females,
respectively, and that the compound is not carcinogenic under the conditions of
the study.

Metaholism

Absorbed ammonium ion is transported to the liver and uitimately incorporated in
nitrogenous waste compounds such as uric acid and urea and excreted in the
urine. Ammonium ion is also an endogenous substance that serves a major role
in the maintenance of the acid-base balance. Minor amounts of ammonium
nitrogen are incorporated in the physiological N-pool. Sulfate is a normal
intermediate in the metabolism of endogenous suifur compounds, and is
excreted unchanged or in conjugated form in urine.

DIETARY EXPOSURE (FOOD AND WATER)

No residues of potential toxicological concemn are expected to survive the paper
or paperboard manufacturing processes. Any chioramine not consumed in the
water system is expected to degrade under the high temperature conditions of
the paper drying process (110 °C). Of course, any remaining ammonium suifate
will exist as the dissociated ions. The chemical species likely to remain to be
incorporated into the dried/finished paper and paperboard are ammonium ion,
sulfate ion, nitrate ion, and chioride ion for which there are no dietary toxicity
concerns. It is only these benign compounds that could potentially migrate into
food from food-contact paper or paperboard. Therefore, dietary {food) risks need
not be caiculated.

Very low levels of chioramine and hypochiorous acid may be discharged but
these would rapidly dissipate before there is the potential to contaminate drinking
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water. Therefore, no drinking water risks are expected from the proposed uses
of ammonium sulfate.

RESIDENTIAL EXPOSURE

The only proposed use of Nalco 60620 is industrial during the manufacture of
paper and paperboard. No residential exposure scenarios are associated with
the proposed use. Therefore, there is no need to estimate residential risks.

AGGREGATE RISKS

As there are no dietary (food or drinking water) or residential exposures
associated with the commercial, industrial use of Nalco 60620 as a slimicide in
papet/paperboard water systems, there is no need to estimate aggregate risks
based on the proposed uses.

OCCUPATIONAL EXPOSURE

As discussed in MRID 48340810 "Nalco 80620 - Discussion of Applicator
Exposure Data Requirement”, the OxiPro feed system is a closed system. The
chemicals are supplied in refillable portable totes, semi-bulk containers, or from
tanker trucks and are transferred through hoses to storage tanks. The
chemicals are then transferred from the storage tanks into the OxiPro feed
system and then the mixture is pumped into the mill process water system.
Based on this information, it is anticipated that exposures to ammeonium sulfate
and sodium hypochorite would be minimal and would not trigger any risk
concerns. Although not specifically stated on the label, it is anticipated that the
reaction will be controlled by maintaining akaline pH to enhance the production
of monochloroamine, which is only slightly volatile from water while minimizing
the production of trichloramine (also called nitrogen trichloride), which is highly
volatile. As discussed in Kovacic et al., 1970, the product of the reaction of
ammonia with chlorine or hypochlorous acid is chloramine when the pH is >8.

Nalco has submitted air sampling data where NCI; air concentrations as total
chioramines were measured in two paper mills. The details of this air sampling
are discussed in the occupational exposure assessment (T. Dole, 4/27/11,
D386115). These samples were collected and analyzed using a sampling
method based on Hery, 1985. This method includes a sampling cassette that
contains a PTFE pre-filter to trap aerosols followed by primary and backup quartz
fiber filters impregnated with sodium carbonate and diarsenic trioxide to trap
NCIl;. The samples were analyzed by Gaison Laboratories using ion
chromatography which detects total chloramines and has a limit of detection of 6
Mg per filter.
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The results of the air sampling are included in Table 1. These samples indicate
that for Mill #1, NCl; air concentrations exceeded 0.11 or 0.14 mg/m?® for three
samples (2AR, 2ARB and 2 ARC) while for the remaining samples, NCls did not
exceed the limit of detection. The actual air concentration for samples 2AR,
2ARB and 2ARC is unknown because significant breakthrough was detected on
the backup treated filter. Because information was not provided concerning the
conditions under which the samples were taken, it is not known what caused
breakthrough; however, it is possible that these samples were taken in areas of
heavy misting. In Mill #2, the results ranged from non-detect to 0.13 mg/m?® and
no breakthrough occurred though it was noted that heavy misting occurred at
Location #1 and significant eye irritation was experienced at Location #2.

Table 1 ~Nitrogen Trichloride Air Sample Data Submitted by Nalco
Mill | Date Location Sample | Duration | Result | Treatment
ID | (Minutes) | (mg/m®)

Milt #1 | 10/14/08 | Paper Mill - Biccide by- 2AR 135 >0.14* | Nalco 60620
product Anatysis {(Locations 2ARB 153 >0 11* | {Ammonium
not listed} 2ARC 152 >0.14% Sulfate)

2CRFA 148 <0.04
2CRFB 177 <0.03
2CRFC 136 <0.04
25POFA 134 <0.04
28POFB 160 <0.04
4RSA 127 <0.05
4RSB 151 <0.04
4TRSA 128 <0.05
4TRSA 150 <0.04

Mill #2 | 08/26/09 Location #1 — Wet End Paper | 082609-1 240 0.067 Amrmonium
Machine — Upper Platform Bromide
Fourdrinier
Location: #2 ~ Basement 082609-2 240 0.13
Machine Room - Platform
Adjacent to Open Mix Chest
Location #3 — Walkway Wet | 082609-3 2490 <0.02
Machine Room — Adjacent to
Lab

*Breakthrough occurred.

The sampling method used by Galson Laboratories is based on the method
developed by Hery, 1985 for use in evaluating NCl; exposures in swimming
pools. This method was subseguently modified in Hery, 1998 for use in food
processing plants to include a sulfamic acid treated silica gel tube in front of the
treated filters. This tube was added to capture other chiorine species such as
hypochlorites, monochioramine and dichloramine which would make the method
more specific for nitrogen trichloride (i.e. trichloramine). Since this tube was not
used in the samples submitted by Nalco, the results are not specific for nitrogen
trichioride and could instead reflect the presence of other chlorine species such
as monochioramine.
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CUMULATIVE RISK

EPA does not have, at this time, available data to determine whether ammonium
sulfate has a common mechanism of toxicity with other substances or how to
include this pesticide in a cumulative risk assessment. This salt is naturally-
occurring and innocuous and, accordingly, no adverse effects on human health
are expected based on the available toxicity studies. It has been affirmed as
being Generally Recognized As Safe (GRAS) by FDA with no upper limitas a
direct food additive. For the purposes of this Section 3 registration action,
therefore, EPA has assumed that ammonium suifate does not have a common
mechanism of toxicity with other substances largely because it elicits no adverse
effects in mammais.

ENDOCRINE DISRUPTION

As required under FFDCA section 408(p)}, EPA has developed the Endocrine
Disruptor Screening Program (EDSP) to determine whether certain substances
(including pesticide active and other ingredients) may have an effect in humans
or wildlife similar to an effect produced by a "naturally occurring estrogen, or
other such endocrine effects as the Administrator may designate.” The EDSP
employs a two-tiered approach to making the statutorily required determinations.
Tier 1 consists of a battery of 11 screening assays to identify the potential of a
chemical substance to interact with the estrogen, androgen, or thyroid (E, A, or
T) hormonal systems, Chemicals that go through Tier 1 screening and are found
to have the potential to interact with E, A, or T hormonal systems will proceed to
the next stage of the EDSP where EPA will determine which, if any, of the Tier 2
tests are necessary based on the available data. Tier 2 testing is designed to
identify any adverse endocrine related effects caused by the substance, and
establish a dose-response relationship between the dose and the E, A, or T
effect.

Between October 2009 and February 2010, EPA issued test orders/data call-ins
for the first group of 67 chemicals, which contains 58 pesticide active ingredients
and 9 inert ingredients. This list of chemicals was selected based on the
potential for human exposure through pathways such as food and water,
residential activity, and certain postapplication agricuitural scenarios. This list
should not be construed as a list of known or likely endocrine disruptors.

Ammonium sulfate is not among the group of 58 pesticide active ingredients on
the initial list to be screened under the EDSP. Under FFDCA sec. 408(p) the

Agency must screen all pesticide chemicals. Accordingly, EPA anticipates
issuing future EDSP test orders/data call-ins for all pesticide active ingredients.

10
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For further information on the status of the EDSP, the policies and procedures,
the list of 67 chemicals, the test guidelines and the Tier 1 screening battery,
please visit our website: hitp://www.epa.gov/iendo/.

ENVIRONMENTAL FATE

Very low levels of chloramine and hypochlorous acid may be discharged from
treated paper and paperboard water systems but these would rapidly dissipate
while in the holding pond/lagoon well before there is the potential to contaminate
agquatic environments. Both chloramine and hypochlorous acid are expected to
be degraded within hours during cleanup of the wastewater because they are
reactive and one of the cleanup stages is oxidative biological action. Typical mill
wastewater cleanup prior to discharge into a natural water body consists of
standing in a primary clarifier, sludge storage lagoon, and treatment in two
sequential aerated lagoons. Sludge is typically dewatered and burned in the mill
as a source of heat or power. Wastewater residence time during cleanup is
typically at least 2 days. The NPDES permit for each paper/paperboard mill
specifies a number of analyses that must be conducted which includes Biological
Oxygen Demand (BOD) and available chlorine which would include chloramine
and hypochlorous acid. Contamination of terrestrial environments is not
expected from the proposed use. Therefore, no environmental fate data are
required to estimate potential exposure of nontarget organisms.

ECOLOGICAL EFFECTS AND RISK ASSESSMENTY

The only compounds of potential ecotoxicity concern in treated paper and
paperboard water systems are traces of chioramine and hypochlorous acid. Very
low levels of these compounds may be discharged but these would rapidly
dissipate. Therefore, risks to nontarget organisms are not expected from the
proposed uses. No additional ecological testing is needed.

11
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SPECIFIC LABEL CHANGES NEEDED

1. EPA recommends that Nalco Co. clarify which sodium hypochilorite
products, percent active ingredient, etc. they intend to instruct users to mix
with their ammonium sulfate product. The galion figures only apply if a
12.5% product is used. The word "typically,” used in reference to 12.5%,
should be deleted from the label. If Nalco Co. plans to restrict the %
active ingredient to 12.5%, then the volume of paper mill water to which
the labeled number of gallons of Nalco 60620 and sodium hypochlorite are
to be added should be specified. If any sodium hypochlorite product may
be used, then only the ppm available chlorine level should be specified.

2. The Nalco 60820 label must be revised to clearly state that the pH of the
OxiPRO closed system must be maintained at a pH 212,

REFERENCES

Kovacic et al., 1970. Chemistry of N-Bromoamines and N-Chloroamines,
Kovacic, P., Lowery, M., Field, K., Chemical Reviews, Volume 70, Number 6, pp
639-665, 1970

Hery et al., 1995. Exposure to Chloramines in the Atmosphere of Indoor
Swimming Pools, Annals of Occupational Hygiene, Volume 39, Number 4, pp
427-439, 1995,

Hery et al., 1998. Exposure to Chicramines in a Green Salad Processing Plant,
Annals of Occupational Hygiene, Volume 42, Number 7, pp 437-451, 1998.
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United Faie=
Eervirompental Prolection
Agency

April 28,2011

MEMORANDUM

SUBJECT: Ecological Risk Assessment for Nalco 60620 which is an end-use product
containing ammonium sulfate. The proposed registration of this product is
for use in controlling microorganisms using an in-situ generating system for
use in pulp and paper mills.

DP Barcodes: D391292

i icrobiolog; /\//L,”( (. ‘///
FROM: David C. Bays, Microbiologist g . . //’

Risk Assessment and Science Support Branch
/

Antimicrobials Division {7501 F)

THRU: Nader Elkassabany, Chief
Risk Assessment and Science Support Branch
Antimicrobials Division (7501P)

TO: Velma Noble RM-31
Regulatory Management Branch
Antimicrobials Division (7501P)

L INTRODUCTION

The Risk Assessment and Science Support Branch (RASSB) has reviewed Nalco
Company’s request to obtain a section 3 registration for an antimicrobial product that will be
used to control microorganisms in an in-situ generating system for use in pulp and paper mills.
The product is Nalco 60620, which contains ammonium sulfate at 20%. The ammonium sulfate
is considered to be the active ingredients of the product. The ammonium sulfate product is
proposed to be mixed with sodium hypochlorite. The registrant has submitted four studies to
fulfill the ecological data requirements for Nalco 60620. The chemical tested in these studies
was ammonium sulfate,

Based on the use pattern of this product, 60620 is not expected to resuit in acute or
chronic risk to terrestrial birds, mammals, or plants or to aguatic species under typical use
conditions due to a lack of exposure based on being used indoors in pulp and paper mill water
systems. Although traces of oxidative residues in the waste ‘water may be discharged into the
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holding ponds or lagoons of the paper mill, these will rapidly react with organic matter and will

not enter aquatic or terrestrial environments. As endangered species are not expected to be
exposed, a quantitative or more refined endangered species effect determination is not necessary
at this time. No additional ecological testing will be necessary.

ECOTOXICITY

Acute Ecotoxicity Studies for Nalco 60620 (ammonium sulfate)

The registrant submitted the following four studies:

STUDY TYPE AUTHORS RESULTS CLASSIFICATION
Acute Toxicity to Tony Hasler 24- and 48-hour Acceptable
Daphnia magna Springborn EC50 =>5000 and
(850.1010) Smithers Labs 4044mg/L., Dractically nontoxic
respectively
48-hour NOEC =
1250 mg/L
Acute Toxicity to bluegill | Tony Hasler 96-hour LC50 = Acceptable
sunfish (850.1075) Springborn 354 mg/L
Smithers Labs 96-hour NOEC = Practically nontoxic
62.5
Acute Oral Toxicity Test | Jennifer Stafford LD50 =>2003 Acceptable
{LD50) with northern Springborn mg/kg body weight
bobwhite (850.2100) Smithers Labs NOEL = 2003 Practically nontoxic
mg/kg body weight
Acute toxicity to ratnbow | Tony Hasler 96-hour LC50 = Acceptable
trout (850.1075) Springborn 722 mg/L
Smithers Labs 96-hour NOEC = Practically nontoxic
250 mg/L

All four studies were acceptable and could be used in a risk assessment, if one were necessary.
The results demonstrated that the tested chemical, ammonium sulfate, was practically nontoxic to
Daphnia magna, bluegill sunfish, rainbow trout, and northern bobwhite quail.

II. ESTMATED ENVIRONMENTAL CONCENTRATIONS (EECs)

A.EECs - TERRESTRIAL

Terrestrial EECs were not calculated since it is anticipated that exposures and risks to
terrestrial animals (birds and mammals) from use of the Nalco product would be minimal and
any incidental exposure would be practically non-toxic on an acute basis. Terrestrial plants are
also not expected to be at risk.
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B. EECs - AQUATIC

Aquatic EECs were not calculated since it is anticipated that exposures and risks to
aquatic organisms from use of the Naico product would be minimal and any incidental exposure
would be practically non-toxic on an acute basis. As per the chemistry memoranda by A.N.
Shamim (3/31/11, D385694 and D386118), if small amounts of chioramine or hypochtorous acid
are discharged in the paper and paperboard system water, they will quickly react with organic
matter in the lagoon and, therefore, will not enter aquatic or terrestrial environments.

HI. RISK QUOTIENTS (RQs) AND LEVELS OF CONCERN (LOCs)
A.OVERVIEW
Exposure and Risk to Nontarget Terrestrial Animals and Aquatic Organisms

Risk characterization integrates the resuits of the exposure and ecotoxicity data to
evaluate the likelithood of adverse ecological effects. The means of this integration is called the
quotient method. Risk quotients (RQs) are calculated by dividing exposure estimates by acute
and chronic ecotoxicity values.

RQ = EXPOSURE/TOXICITY

RQs are then compared to OPP's levels of concern (LOCs). These LOCs are used by
QPP to analyze potential risk to nontarget organisms and the need to consider regulatory action,
The criteria indicate that a pesticide used as directed has the potential to cause adverse effects on
nontarget organisms, LOCs currently address the foltowing risk presumption categories: (1)
acute -- potential for acute risk to non-target organisms which may warrant regulatory action in
addition to restricted use classification, (2) acute restricted use -- the potential for acute risk to
non-target organisms, but may be mitigated through restricted use classification, (3) acute
endangered species - endangered species may be adversely affected by use, (4) chronic risk -
the potential for chronic risk may warrant regulatory action, endangered species may potentially
be affected through chronic exposure, (5) non-endangered plant risk ~ potential for effects in
non-endangered plants, and (6) endangered plant risk — potential for effects in endangered
plants. Currently, AD does not perform assessments for chronic risk to plants, acute or chronic
risks to nontarget insects, or chronic risk from granutar/bait formulations to birds or mammals.

The ecotoxicity test values (measurement endpoints) used in the acute and chronic risk
quotients are derived from required studies. Examples of ecotoxicity values derived from short-
term laboratory studies that assess acute effects are: (1) LCsq (fish and birds), (2) LDsg (birds and
mammals), (3) ECso (aquatic plants and aquatic invertebrates) and (4) ECys (terrestrial plants).
Examples of toxicity test effect levels derived from the resuits of long-term laboratory studies
that assess chronic effects are: (1) LOAEC (birds, fish, and aquatic invertebrates), and (2)
NOQAEC (birds, fish and aquatic invertebrates). For birds and mammals, the NOAEC generally
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is used as the ecotoxicity test value in assessing chronic effects, although other values may be
used when justified. However, the NOAEC is used if the measurement endpoint is production of
offspring or survival.

Risk presumptions and the corresponding LOCs are tabulated below.

Table 3. Risk Presumption Categories

Risk Presumption for Terrestrial Animals LOC
Acute: Potential for acute risk for ail non-target organisms >0.5
Acute Restricted Use: Potential for acute risk for all non-target organisms, but may be >0.2

mitigated through restricted use classification
Acute Endangered Species: endangered species may be adversely affected by use >0.1
Chronic Risk: potential for chronic risk ray warrant regulatory action >1

Risk Presumption for Aguatic Organisms LOoC
Acute: Potential for acute risk for all non-target organisms >0.5
Acute Restricted Use: Potential for acute risk for all non-target organisms, but may be >{.1

mitigated through restricted use classification
Acute Endangered Species: endangered species may be adversely affected by use =0.03
Chronic Risk: potential for chronic risk may warrant regulatory action >1

Risk Presumption for Terrestrial and Aquatic Plants L.oC
Potential for risk for all non-endangered and endangered plants >1

B. RQs — TERRESTRIAL

Terrestrial RQs were not calculated since RASSB believes that exposures and

risks for terrestrial animals (birds and mammals) and plants to the Nalco products during
use in pulp and paper mills would be minimal. No toxic degradates are expected to
contaminate terrestrial enviromments due to the unstable, reactive nature of chloramine
and hypochlorous acid.

C. RQs ~ AQUATIC
Aquatic RQs were not calculated since RASSB believes that exposures and risks for

aquatic organisms following use of the Nalco products in pulp and paper mills would be
negligible because, if small amounts of chloramine or hypochlorous acid are discharged
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in the system water, they will quickly react and will not enter aquatic or terrestrial
environments,

IV. LISTED SPECIES AND CRITICAL HABITAT REVIEW

Section 7 of the Endangered Species Act, 16 U.S.C. Section 1536(a)(2), requires all
federal agencies to consult with the National Marine Fisheries Service (NMFS) for marine and
anadromous listed species, or the United States Fish and Wildlife Services (FWS) for listed
wildlife and freshwater organisms, if they are proposing an "action” that may affect listed species
or their designated habitat. Each federal agency is required under the Act to insure that any
action they authorize, fund, or carry out is not likely to jeopardize the continued existence of a
listed species or result in the destruction or adverse modification of designated critical habitat.
To jeopardize the continued existence of a listed species means "to engage in an action that
reasonably would be expected, directly or tndirectly, to reduce appreciably the likelihood of both
the survival and recovery of a listed species in the wild by reducing the reproduction, numbers,
or distribution of that species." 50 CFR §402.02.

To facilitate compliance with the requirements of the Endangered Species Act subsection
(a)(2) the Environmental Protection Agency, Office of Pesticide Programs has established
procedures to evaluate whether a proposed registration action may directly or indirectly reduce
appreciably the likelihood of both the survival and recovery of a listed species in the wild by
reducing the reproduction, numbers, or distribution of any listed species (U.S. EPA 2004). After
the Agency’s screening-level risk assessment is performed, if any of the Agency’s Listed Species
LOC Criteria are exceeded for either direct or indirect effects, a determination is made to identify
if any listed or candidate species may co-occur in the area of the proposed pesticide use. If
determined that listed or candidate species may be present in the proposed use areas, further
biological assessment is undertaken. The extent to which listed species may be at risk then
determines the need for the development of a more comprehensive consultation package as
required by the Endangered Species Act.

This preliminary assessment indicates that there is the potential for the proposed Nalco
60620 use areas to co-occur with listed species. However, there is no need to conduct a more
refined endangered species effect determination because exposure of listed species is not
expected to occur due to the low use concentration of chloramine the rapid degradation of any
discharged chloramine and the low toxicity of the resulting degradates.

V. SUMMARY

In summary, RASSB concludes that, based on the available information and data, which
was minimal, the Nalco product is not expected to come into contact with non-target species.
The Nalco chemicals are used in a closed reaction chamber in pulp and paper mills (indoors) and
the resuiting chloramine is metered into the mill water system. Any chloramine or hypochlorous
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acid remaining in the wastewater would be present at low levels and, being short-lived and
reactive, are not expected to survive beyond the lagoon to result in exposure of non-target
organisms. Therefore, no additional testing is required for this chemical.

In the case of Nalco 60620, ammonium sulfate is the labeled active ingredient that is mixed with
sodium hypochlorite in a closed reaction vessel at pH >12. The reaction of the two yields
chloramine which is metered into the paper and paperboard water system. In the water systern,
chloramine degrades to hypochlorous acid. As noted above, environmental exposure to
chioramine and hypochlorous acid is not expected and, hence, there is no ecological risk
resulting from registration of ammonium suifate when used in paper or paperboard water
systems following reaction with sodium hypochlorite at about a 1:1 CI:N molar ratio in a closed
system at pH >12.

VL. ADDITIONAL DATA NEEDED TO REFINE THE ASSESSMENT
No additional data are needed.

VII. LABEL ISSUES:
No additional label statements are necessary.

REFERENCES

MRID 48340806. Hasler, T. 2010. “Aquatic Toxicity to water fleas (Daphnia magna) under
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MRID 48340807, Hasler, T. 2010. “Aquatic Toxicity to bluegill sunfish (Zepomis
macrochirus) under static conditions.” Study number: 1151.000.100. Unpubiished study
prepared by Springbom Smithers Laboratories (Europe). 45 p.

MRID 48340809. Stafford, J. 2010. “Acute Oral Toxicity (LD50)} with northemn bobwhite
(Colimus virginiamus). Study Number: 2009.4100. Unpublished study prepared by Springbom
Smithers Laboratories. 52 p.

MRID 48351201. Hasler, T. 2010. “Acute toxicity to rainbow trout (Oncorhynchus mykiss)
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MEMORANDUM:
SUBJECT:

WASHINGTON, DC 20460

OF CHEMICAL SAFETY AND POLLUTION PREVENTION

Nalco Company’s Proposed Registration of Nalco 60620
Slimicide Containing Ammonium Sulfate for Use in Pulp and
Paper Water Systems: Chemistry, Chemical Processes, and
Characterization of Transformation Products

PC Code: 005601

DP Barcode Nos.: P391308

Decision Nos.: 443828

Registration No.: 1706-EUN

Petition No.: NA

Regulatory Action: ldentify the Active Ingredient

Risk Assess Type: NA

Case No.: NA

TXR No.: NA

CAS Nos.:
Ammonium sulfate; 7783-20-2
Chloramine: 10598-90-3

MRID Nos.: 48340707, 48340708, |40 CFR: NA

48340711
im Shari s e

FROM: A. Najm Shamim, Ph.D., Chemist L
Risk Assessment and Science Support Branch
Antimicrobials Division (7510P)

THRU: Nader Elkassabany, Ph.D., Chief ’
Risk Assessment and Science Support Branch
Antimicrobials Division (7510P)

TO: Dennis Edwards, Chief

Regulatory Management Branch 1
Antimicrobials Division (7510P)

and
Tracy Lantz, Chemical Review Manager

Regulatory Management Branch 1
Antimicrobials Division (7510P)



Background:

Nalco Co. is requesting to register Nalco 60620 which contains 20% percent
ammonium sulfate as a slimicide in paper and paperboard water systems. This
active will be mixed in situ (on site) with sodium hypochlorite using only the
specially-designed OxiPRQ delivery system operated only by authorized and
trained Nalco personnel. The draft label for Nalco 60620 (EPA Reg. No 1706-
EUN) specifies slug feed or continuous feed freatment methods to achieve a 1-
10 ppm residual chlorine level. Sodium hypochlorite is the active ingredient in a
number of end-use products registered for pulp and paper mil use. The reaction
of ammonium sulfate and sodium hypochlorite will produce chloramine. The
registration application also includes physicochemical data for chloramine
estimated using EPA’s screening program EPI Suite (version 4.0). Product
Chemistry data for ammonium sulfate is addressed by Earl Goad in a separate
review (2/17/11. Nalco 60620. 1706-EUN, D385697).

The Agency is addressing this application from several perspectives: (a) whether
ammonium sulfate or chloramine should be considered the active ingredient; {b)
identification of the chemical species formed during the OxiPRO generation of
chloramine and during the paper and paperboard production processes; and {(c)
which, if any, chioramine residues may survive the manufacturing process to be
incorporated into the finished paper/paperboard.

Some important facts about ammonium sulfate:

{a) Ammonium sulfate is an inorganic salt, and among the most common salts of
the ammonium ion which also include ammonium halides (chloride, bromide, and
odide), ammonium nitrate, ammonium phosphate, etc. These are all highly
water-soluble, coloriess substances.

b) Ammonia (NH3) is the parent molecule which, in agueous media, interacts
with water to form ammonium ions (NH4") which, in turn, associate with various
anions, as listed above, to form ammonium salts.
¢) Ammonia is a gas at room temperature but, for use as an antimicrobial, is
always dissolved in water and used under aqueous conditions.

d) All chemical reactions of ammonium salts are basically those of ammonium
ions (NH4™).

The Agency has recently (2008) registered ammonia (aqueous solution) and
conducted hazard (mammalian) and human exposure assessments as well as
environmental fate and ecotoxicity assessments’2%* on ammonia. As stated
above, in agueous solution at a given pH, both ammonia and ammonium sulfate
will exist in the same form, i.e., either the ammonium ion at a more acidic pH or
ammonia at a more alkaline pH. Therefore, the toxicity and exposure data of one
may be bridged to the other.
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Detailed Discussion:

Physical and chemica! characteristics of ammonium suifate:

Comimon name; Ammanium sulfate

CAS#: 7783-20-2

Molecutar formula: (NH,4)2S04

Molecular wt: 132

Log Kow : N/A

Boiling point: N/A

Melting point: 280°C 2;de'(:c‘mposes)6

Vapor pressure;  ~1 x10% mmHg (at 25° C), estimated®

Henry's Law Const.:5.5 10 atm-m® /mole®
Water solubility: ~ 43-70 g/L (25° C)°
Log Kee: N/A

Physical and chemical properties of chloramine (EP! Suite, version 4.0):

Common Name:  Chioramine

Other Name: Chioramide

CAS#: 105989-90-3

Molecutar formula: H;CIN

Molecular weight: 51.48

Melting point: -66°C

Boiling point: ~190° C

Vapor pressure;  6.23 x 10 mmHg at 25°C
Water solubility: Highly soluble in water

Menry's Law Const.:6.6 x 107 atm-m®*mole at 25° C

Quantity/nature of residues that may be present in paper and paperboard:

Nalco submitted to EPA a 10/22/07 letter from Devon Hill of Keller and Heckman
LLP to support registration of Nalco 60620 (MRID Nos. 48340708 and
48340811). The letter provides Keller and Heckman'’s opinions to Nalco, at the
latter's request, as to the regulatory status of Nalco 60620 and chlioramine
formed when Nalco 60620 is mixed with a sodium hypochiorite product (Naicon
60635). Nalcon 60635 is an EPA-registered product containing 11.6% sodium
hypochtorite (Reg. No. 1706-238). Some data made available from Naico Co. to
their consuitant have not been made available to EPA and it is not known if such
data have been submitted to FDA.

Kelter and Heckman discussed data provided to them from Naico Co. conceming

the mixing of Nalco 60620 {19.8% ammonium suifate) and Naicon 60635 sodium
hypochiorite. They noted that ammonium suifate is classified as GRAS in section
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184.1143 of FDA’s CFR 21 for direct addition to food and, hence, for use in food
contact materials. Apparently, Nalco Co. provided data demonstrating that the
average chloramine level in a paper water system using the slug feed method is
4 ppm. The consultants, assuming a concentration of 5 ppm chloramine in the
headbox, calculated that the maximurm potential concentration of chloramines in
food would be 39.5 ppb upon migration from the paper or paperboard. Upon
drying the paper at an elevated temperature of 110 C, the actual concentration of
chloramine migrating to food was expected to be much lower than the 39.5 ppb
level calculated here. As a result, the consultants concluded that residues of
chloramine would be nondetectable in food at a detection limit of 50 ppb and,
therefore, would not need to be the subject of a Food Contact Notification (FCN).
[Francis Lin of FDA/CFSAN, in a 12/15/06 letter to McKenna, Long, and Aldridge,
LLP, concluded the same in regard to an almost identical use now registered to
another registrant.j

What occurs after ammonium sulfate and sodium hypochlorite are mixed:

Open literature work is available on the chlorination reactions of ammonium ion
to form chloramine, dichloramine, and trichloramine.” Such reactions are of
particular interest to academic researchers and stakeholders concemed with
their production or use as antimicrobials in drinking water, paper/paperboard
water systems, swimming pools, etc. Possible reactions related to chlorination of
ammonium ion include the following:

1) NHs + HOC] > NHzc] + H,O
2) NH.Cl + HOCl > NHCl; + Hx0
3) NHCl; + HOCl! - NCl + HO
4) NCl3 + HXO - NHCIl, + HOCI
5) NHCI; + HO - NHpCl + HOCI
8) NH.Cl + H,0 > NHs; + HOCI

A recently published paper [C. Bogatu, et al. 2010. Chem. Bull. "POLITEHNICA”,
Vol. 55(68):99-102] further explores these reactions and concludes: (1) the
formation/decomposition of nitrogen trichloride depends on the chlorine:ammonia
(Cl:NHa3) mass ratio, pH, and presence or absence of organic compounds; (2)
regardless of ratio, pH, or level/presence of organic matter, the maximum
concentration of nitrogen trichloride occurred after about 1 hr; (3) more nitrogen
trichloride is formed at pH 6 (~1.8 ppm NCl3) than at pH 7 (~0.84 ppm NCl3); (4) if
the ratio of Clz:NHs is 10:1, the degradation half-life of nitrogen trichloride is 110
minutes at pH 6 and 108 minutes at pH 7; (5) if the Clz2:NHj ratio is 12:1, then the
haif-life of nitrogen chloride is 100 minutes at pH 8 and 85 minutes at pH 7. This
study shows that the formation of nitrogen trichloride is a function of mole ratio
between chiorine and ammonia and that the degradation half-life decreases as
pH increases, i.e., nitrogen trichloride is more stable under more acidic
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conditions. The presence of organic matter (two ketones were tested) also
decreases the half-life, i.e., speeds up degradation of nitrogen trichloride.

Although all of the reactions above and others are possible under cerfain
conditions, only reaction 1 (the formation of monochloramine) is expected to
oceur to any significant extent in the OxiPRO system for two major reasons: the
pH is maintained at 212 and the molar ratio of ammonium:hypochlorous acid is
21:1, i.e., chlorine is never in excess. Therefore, virtually no dichloramine and no
nitrogen trichloride are expected to form. Once released into the paper or
paperboard water system, reaction 6 will occur, L.e., chloramine degrades to
hypochlorous acid. The system controls thus assure that chioramine will be
virtually the only product of the reaction of ammonium sulfate and sodium
hypochlorite, i.e., reactions 2 and 5 will occur only very minimally and reactions 3
and 4 will virtually never occur.

AD conclusions and recommendations:

1. Nalco Co. is pursuing the registration of ammonium sulfate which has no
biocidal activity. However, when mixed with sodium hypochlorite and
applied to paper and paperboard water systems, chloramine is formed.
This is analogous to many antimicrobial pesticides which often have a
nonspecific mode of biocidal action such as organic halogen-releasing
compounds, formaldehyde-releasing compounds, peroxy compounds,
metal ions, etc. tis fairly common for an antimicrobial as packaged,
labeled, sold, shipped, and initially applied to have little or no biocidal
activity per se. It is only upon mixing with another material or product,
adding water, diluting, changing the pH, etc. that the true biocidal species
is formed in situ. In these cases and others, it is the compound that is
registered, packaged, sold, shipped, and initially applied that has been
considered to be the "active ingredient” for registration and labeling
purposes. Thus, in this case, EPA considers the active ingredient in Nalco
60620 to be ammonium sulfate.

2. ltis quite another matter when the Agency is considering which chemical
species are of ecotoxicity or human toxicity concern, i.e., which chemical
species need to be included in the risk assessments. 1t is possible that
there is virtually no exposure and/or toxicity associated with the "active
ingredient” [the compound(s) in the registered product(s) as packaged,
sold, shipped, and initially used} whereas it may be the in situ products
that are of toxicological concern and/or to which humans or the
environment may be exposed.

There are two major considerations: (i) whether there is exposure o
residues of potential toxicity concern when the product is used as
proposed and (ii) whether there is an adverse effect eficited by one or
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more residues to which there is likely to be exposure. The hazard
(toxicity) associated with sodium hypochlorite, chloramine, and nitrogen
trichloride have been addressed under separate cover. |n the case of
ammonium sulfate, there are no adverse effects likely to result from
exposure if Nalco 60620 is used as proposed. As OxiPRQO is a closed
system, occupational handler exposure to ammonium sulfate and sodium
hypochlorite is not expected. In the case of workers in a paper or
paperboard manufacturing facility, dermal exposure to the treated solution
or wet paper is not expected. Inhalation exposure to chloramine is also
not expected as chloramine is not likely to volatilize from treated water
because of its high water solubility, low vapor pressure, and low Henry's
Law Constant. As the pH in the OxiPRQ system is maintained at 212 and
the molar ratio of ammonium:hypochlorous acid is required to be 21:1,
monochloramine is expected to be the only significant chlorinated product
whereas virtually no dichloramine and no nitrogen trichloride are expected
to form. Upon being metered into the paper/paperboard water system,
chloramine degrades to hypochlorous acid. The system controls thus
assure that chloramine will be virtually the only product of the reaction of
ammonium sulfate and sodium hypochlorite and, as discussed above, only
reactions 1 and 6 are expected to occur to any significant extent,

3. EPA believes the finished paper, dried at typical high temperatures of
about 110°C, is likely to contain only ammonium, nitrate, and chloride ions
and no residues of potential hazard concern are likely to survive to the
finished paper stage to be available to migrate into food.

4. EPA does not accept Nalco's term "inorganically stabilized intermediate
chiorine” to refer to chloramines. Ammonium sulfate is not the only
organic compound referred to as a halogen stabilizer in an antimicrobial
product; registrants even list "halogen stabilizer” as the purpose of the
"inert" in a Confidential Statement of Formula. However, the formation of
chloramine via the reaction of hypochlorous acid and ammonium sulfate is
a complete and distinct chemical reaction forming a distinct new product.
Thus, referring to the chloramines derived from the reaction between
ammonium sulfate and hypochlorous acid as "inorganically stabilized
chlorine” is not acceptable terminology to EPA.

5. Nitrogen trichloride is not expected to form in the OxiPRQ reactor or in the
paper/paperboard water systems from the reaction of Nalco 60620 and
sodium hypochlorite. Thus, no occupational exposure to a compound of
toxicity concern is expected to occur.

6. In the case of workers in & paper or paperboard manufacturing fagility,

dermal exposure to the treated solution or wet paper is not expected.
Inhalation exposure to chloramine is also not expected as chioramine is
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not likely to volatilize from treated water because of its high water
solubility, low vapor pressure, and low Henry's Law Constant.

7. For a similar product, EPA determined that there were no chronic dietary
risks of concern (<1% cPAD) to any population subgroup from
chloramines in food due to migration from treated paper.® The use is
virtually identical to the subject proposed Nalco use.

8. The first time it is mentioned, the [abel for Nalco 60620 states that it is to
be used in conjunction with sodium hypochiorite ("typically” 12.5%) and
the OxiPRO systemn; note that "typically” implies a choice. Five additional

-times on the proposed label, the 12.5% sodium hypochlorite is mentioned
but with no room for a choice. As there are many registered sodium
hypochlorite products at many different concentrations and registered to
many different registrants, EPA recommends that Nalco Co. clarify which
products they are directing that their ammonium sulfate product be mixed
with. This is particularly true if Nalco Co. only wants its own 12.5%
product (EPA Reg. No. 1706-20001) to be used.

9. The Nalco 60620 label must be revised to clearly state the following: (i)
that the “authorized and trained personnel" permitted to design, treat,
install, calibrate, and operate the OxiPRO system must specifically be
Nalco Co. employees and (ii) that the pH of the OxiPRO system must be
maintained at a pH 212.
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

WASHINGTON, D.C. 20460

QFFICE OF
PREVENTION, PESTICIDES
AND TOXIC SUBSTANCES

DATE: April 19, 2011

MEMORANDUM

Hazard Assessment of Ammonium Sulfate (Part 1) and Monochloramine (Part 2)

Subject: Part 1. Hazard Assessment of Ammeonium Sulfate
Chemiecal:  Ammonium Sulfate (NH)2SO4
EPA Reg. No.: 1706-EUN
DP Barcode: D391291
Decision: 443828
PC: 005601
CAS: 7783-20-2
Synonym: NALCO 60620
From: S. L. Malish, Ph.D, Toxicologist )J ) ;L W
Risk Assessment and Sctence Support Branch (RASSB)
Antimicrobials Division {7510P]
To: Dennis Edwards, Chief , Regulatory Management Branch [,
Antimicrobials Division [7510P]
Thru: Nader Elkassabany, Ph.D., Chief, RASSB 4
Antimicrobials Division [7510P] y
ACTION REQUESTED:

Review of human health toxicity of ammonium sulfate

BACKGROUND

Monochloramine is formed by mixing a dilute solution of ammonium sulfate with a solution of
sodium hypochlorite. Monochloramine is used as an antimicrobial in food contact paper and
paperboard water systems.
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In aqueous media, ammonium sulfate dissociates to the ammonium (NH,)» and sulfate (SO47)
ions. These ions can be taken up by the body via the oral and respiratory routes.

CONCLUSION: Listed below is & review of the existing toxicology database. Because of the
low toxicity of ammonium sulfate, toxicology endpoints cannot be calculated from the data.

Human Health

Fertility and developmental toxicity studies testing with ammonium sulfate were not available.
As ammonium sulfate dissociates in biological systems studies with other ammonium and sulfate
salts can be used to cover these endpoints: A screening study conducted according to the OECD
TG 422 protocol with ammonium phosphate as analogue substance, which forms ammeonium
ions in aqueous solutions, is available. Fully valid fertility studies with analogue compounds
containing sulfate ions are, however, lacking. Two limited studies with sodium sulfate can be
used for assessment of fertility and developmental toxicity, however, in none of these studies
have the fetuses been examined histologically. There are no in vivo data on genotoxicity for
ammeonium sulfate. To bridge the data gap, data for ammonium chloride, which dissociates in
aqueous media to form ammonium ions, as does ammonium sulfate, will be used. In aqueous
media, ammonium sulfate dissociates into the ammonium and sulfate ions (2NH," and SOq).
These can be taken up into the body by the oral and respiratory routes.

Acute Toxicity

Ammonium sulfate is of relatively low acute toxicity (L.D50, oral, rat: 2000 - 4250 mg/kg bw; LD50
dermal, rat/mouse > 2000 mg/kg bw; 8-h LC50, inhalation, rat > 1600 mg/m3). Clinical signs after oral
exposure included staggering, prostration, apathy, and labored and irregular breathing immediately after
treatment at doses near to or exceeding the LD50 value. In humans, inhalation exposure to 0,1 ~ ¢.5 mg
ammonium sulfate/m* aerosol for two to four hours produced no pulmonary effects. At 1 mgammonium
sulfate/m® very slight pulmonary effects in the form of a decrease in expiratory flow, in pulmonary flow
resistance and dynasmic lung compliance were found in healthy volunteers after acute exposure.

Neat ammonium sulfate was not irritating to the skin and eyes of rabbits. Based on a dermal sensitization
study bridged from ammonium hydroxide (20% selution), ammonium sulfate is not expected to be a
dermal sensitizer {EC TUCLID, 2000).

Inhalation

A 14-day inhalation study on rats exposed to 300 mg/m’ , the only tested dose, did not report
histopathological changes in the lower respiratory tract. As the respiratory tract is the target organ system
for inhalation exposure, the NOEL for toxicity to the lower respiratory tract is 300 mg/m’.

Mutagenicity

Ammonium sulfate was not mutagenic in bacteria (Ames test) and yeasts with and without metabolic
activation systems. It did not induce chromosomal aberrations in mammalian or human cell cultures. No
in vivo genotoxicity tests are available. Based on the negative results from in vitro studies and the
negative results in the micronucleus test in vivo with ammonium chloride a mutagenic activity of
ammonijum sulfate in vivo is unlikely.
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Similarly to other salts, high doses of ammonium sulfate may have the capability of tumor promotion in
the rat stomach; it is, however, much less potent than sodium chleride when tested under identical
conditions.

Fertility and Development

There are no valid studies available on the effects of ammonium sulfate on fertility and development.
Based on data from a similar ammonium compound {diammonium phosphate), which has been tested up
to 1500 mgrkg bw in a screening study according to OECD TG 422 in rats it can be concluded that
ammonium ions up to the dose tested have no negative effects on fertility. In the 13-week feeding study
of ammoenium sulfate with rats, no histological changes of testes were observed up to 1792 mg/kg bw.
The ovaries were not examined. Fully valid studies with sulfate on fertility are not available,

In a limited study (pretreatment time short, low number of animals, no fertility indices measured) where
female mice were treated with up to ca. 6550 mg sulfate/kg bw (as sodium sulfate) no effects on litter size
were found.

Studies of developmental toxicity for ammonium sulfate are not available. In the screening study
according to OECD TG 422 with up to 1500 mg diammonium phosphate/kg bw no effects on
development have been detected in rats. In another limited screening study with exposure of mice to a
single dose of 2800 mg sodium sulfate/kg bw no macroscopic effects or adverse effects on body weight
gain have been detected in the pups. In both studies fetuses were not examined histopathologically.

Subchronic Study in Rats

A 13 week oral toxicity study of ammonium sulfate was performed in rats of both sexes by feeding them
a CRF-1 powder diet containing concentrations of 0%, 0.39%, 0.75%, 1.5% and 3.0% of the substance.
Rats were randomly divided into § groups each consisting of 10 males and 10 females. Male animals in
the 3% group exhibited diarrhea during the administration period, No changes indicating obvious
ammonium sulfate toxicity were observed in the body weights, organ weights, hematological, serum
biochemical or histopathological examinations.

Based on the results, the NOEL (no observed effect level) of ammonium sulfate for F344 rats was judged
to be 1.5% in males (866 mg/kg/day) and 3% in females (1975 mg/kg/day), and the MTD (maximally
tolerated dose) for 2-year carcinogenicity studies in F344 rats was concluded to be 3.0% or more in the
diet .

Chronic Toxicity and Carcinogenicity of Dietary Administered Ammonium Sulfate in Rats

Chronic toxicity and carcinogenicity studies of ammonium sulfate, used as a food additive in
fermentation, were performed in male and female Fisher 344 rats at dictary concentrations of 0%, 0.1%,
0.6% and 3% in a 52 week toxicity study and 0%, 1.5% and 3% in a 104 week (2 year) carcinogenicity
study. Treatment with ammonium sulfate caused significant increase in kidney and/or liver weights in
male and females of the 3.0% diet group, but no effects were found on survival rate, body weights and
hematological, serum biochemistry or histological parameters at any dose levels in the chronic study.

Regarding carcinogenicity, ammonium sulfate did not exert any significant influence on the incidences of
tumors in any of the organs and tissues examined. It was concluded that the no observed adverse effect
(NOAEL) of ammonium sulfate was 0.6% of the diet, which is equivalent to 256 and 284
mg/kg/b.w./day in males and females, respectively, and the compound is non-carcinogenic under the
conditions of the study.
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Metabolism

Absorbed ammonium is transported to the liver and there metabolised to urea and excreted via the
kidneys. Ammoniom is also an endogenouns substance that serves a major role in the maintenance of the
acid-base balance. Minor amounts of ammonium nitrogen are incorporated in the physiological N-pool.
Sulfate is a normal intermediate in the metabolism of endogenous sulfur compounds, and is excreted
unchanged or in conjugated form in urine.
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Part 2. MONOCHLORAMINE TOXICITY

ACTION REQUESTD: Review toxicity profile of monochloramine. Calculate toxicology risk
assessment values. Only dietary assessment is indicated.

BACKGROUND: Monocchloramine is formed by mixing a dilute solution of ammonia sulfate with a
solution of sodium hypochlorite. Monochloramine is nsed as an antimicrobial in food contact pulp and
paper products.

CONCLUSION: A review of the existing toxicology database, is presened below, Oral toxicological risk
assesgment valoes are noted on Table 1.

Developmental/Reproductive: The developmental and reproductive toxicity of
monochloramine has been examined in rats, but with suboptimal studies. However, due to the
chemical relationship between monochloramine and chlorine, the Agency believes that the
reproductive and developmental studies for chlorine may be used to satisfy these data gaps for
monochloramine. The available studies do not indicate concerns for increased sensitivity of the
fetus or offspring. Thus, the Agency believes it is appropriate to reduce the FQPA factor to 1X
for monochloramine. Below are summaries of reproductive and developmental studies.

In a reproductive study by Carlton et al. (1986), chloramine was administered by gavage in
deionized water at doses of 0, 2.5, 5.0 and 10 mg/kg/day to male (12/dose group) and female
(24/dose group) Long-Evans rats for a total of 66-76 days. Males were treated for 56 days and
females for 14 days prior to mating. Dosing contimued during the 10-day mating period and
afterward females were dosed with chloramine daily during gestation and lactation. Males were
necropsied at the end of the mating period. Dams and some offspring were necropsted at 21 days
after birth, Other offspring were dosed with chloramine after weaning until they were 28-40 days

4
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old. No statistical differences were observed between control and exposed rats in fertility,
viability, litter size, day of eye opening or average day of vaginal patency. There were no
alterations in sperm count, direct progressive sperm movement, percent mobility or sperm
morphology in adult males. Weights of male and female reproductive organs were not
significantly different among control and test groups, and there were no significant morbid
anatomic changes evident on tissue examination, There were no signs of toxicity, changes in
blood counts, or effects on body weight in adult rats of either sex at any dose level. The mean
weight of the pups was not affected by chloramine treatment. A NOAEL of 10 mg/kg/day for
reproductive effects can be defined from this study.

Abdel-Rahgman et al. {1982) administered monochloramine in the drinking water to female
Sprague-Dawley rats (6/dose group) at 0, 1, 10 and 100 mg/L for 2.5 months prior to and
throughout gestation. By using body weights provided by the investigators and a reference water
consumption value (U.S. EPA, 1987), the intake of monochloramine was estimated to be 0, 0.15,
1.5 and 15 mg monochloramine/kg/day. Treatment with monochioramine did not increase the
number of fetal resorptions or affect fetal weight. In addition, monochloramine did not induce
soft-tissue anomalies or skeletal malformations. A developmental NOAEL of 15 mg
monochloramine/kg/day is provided by the study, although confidence is low due to the small
number of animals exposed.

Mutagenicity/Carcinogenicity: Monochloramine is not classifiable as to human carcinogenicity
{Group D) based on inadequate human data and equivocal evidence of carcinogenicity from
animal bioassays. A two-year bioassay showed marginal increase in mononuclear cell leukemia
in female F344/N rats. No evidence of carcinogenic activity was reported in male rafs or male or
female B6C3F] mice. Genotoxicity studies, both in vitro and in vivo, gave negative resulted
(USEPA 2005b).

Chronic: The long-term effects of chloraminated water were examined in rats and mice (NTP
1992). In both species, there were no statistically significant findings attributable to chemical
exposure at the highest dose tested of 200 ppm chloramine, or 9.5 mg chloramine/kg/day for rats
and 17.2 mg chloramine/kg/day for mice. The NOAEL of 9.5 mg chloramine/kg/day in rats is
chosen as the basis for the chronic oral RfDD by USEPA (2005b). Although a higher NOAEL in
the study of 17.2 mg/kg/day is found in mice, rats may be the more sensitive spectes since doses
between 9.5 and 17.2 mg/kg/day were not tested in rats.

Dietary Exposure t¢ Monochloramine (Table I)

Acute Reference Dose (RfD)

An acute RfD was not identified because there were no effects attributable to a single dose.
Chronic Reference Dose (RfD)

Study Selected: Rat Chronic Oral Study (National Toxicology Program 1992)

Executive Summary: The long-term effects of chloraminated water were examined in F344/N
rats and B6C3F 1 mice (NTP, 1992). Groups of rats (70/sex/dose) and mice (70/sex/dose) were
administered chloraminated drinking water at 0 (controls), 56, 100 or 200 ppm for 103-104
weeks. Based on body weight and water consumption data provided in the study, the intake of

5
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chloramine was 0, 2.6, 4. 8 and 8.7 mg/kg-day for male rats; 0, 3.4, 5.3 and 9.5 mg/kg-day for
female rats. Consumption of chloramine in mice was 0, 5.0, 8.9 and 15.9 mg/kg-day for males; and 0,
4.9, 9.0 and 17.2 mg/kg-day for females. Interim sacrifices (10/sex/dose) were conducted at weeks 14
and 66. At these times. a complete hematologic examination and necropsy were performed in all
sacrificed animals. In addition, histopathologic examination was conducted in all control and high-
dose animals, At the completion of the study, a complete histopathologic evaluation was
performed in all animals. A dose-related decrease in water consumption was evident in rats through
the study; food consumption was not affected by treatment. Mean body weights of high-dose male
and female rats were lower than their respective controls. However, mean body weights were
within 10% of controls until week 97 for females and week 101 for males. Decreases (p<0.05) in
liver and kidney weight in the high-dose males and increases (p<0.05) in the brain- and kidney-
to-body weight ratios in the high-dose rats (both sexes) were related to lower body weights in
these groups and were not considered toxicologically significant. Results from pathologic
evaluation at weeks 14 and 66 were unremarkable. The authors found no clinical changes
attributable to consumption of chloraminated water. There were no non-neoplastic lesions after
the 2-year treatment with chloraminated water. A NOAEL for rats of 200 ppm chloramine, or 9.5
mg chloramine/kg/day, can be defined in this study.

In treated mice, water consumption throughout the study also decreased in a dose-related
manner. Food consumption was slightly lower in high-dose females compared with controls.
Body weights of treated male and female mice were lower than in controls; the effect was dose
related. On the average, body weights of high-dose males were 10-22% lower than controls after
week 37; those of high-dose females were 10-35% lower than controls after week 8. Mice
exhibited no adverse clinical signs attributed to treatment with chloramine. Survival rates
between treated and control mice were not significantly different. Interim evaluations revealed
no biologically significant differences in organ weights or in relative organ weights. There were
occasional statistically significant differences, such as decreases in liver weights and increases in
brain-and kidney-to-body weight ratios in high-dose male and female mice, but these were
attributed to the lower body weights and were not considered toxicologically significant. Results
from hematology tests and gross or microscopic examination of tissues and organs were
unremarkable. The 2-year evaluation revealed no non-neoplastic lesions attributable to
chloramine treatment. The concentration of 200 ppm chloramine, or 17.2 mg chloramine/kg/day
is considered a NOAEL for mice in this study.

Dose and Endpoint for Risk Assessment: The NOAEL of 9.5 mg/kg/day (200 ppm) was selected
based on no observable adverse effects in the rat chronic oral study (NTP 1992). This NOAEL is
the basis of the Agency's oral reference dose (RfD) presented on the Integrated Risk Information
System (IRIS) and represents Agency consensus. Although a higher NOAEL in the study of

17.2 mg/kg-day is found for mice, rats may be the more sensitive species since doses between
9.5 and 17.2 mg/kg-day were not tested in rats. Significant decreased weight gain in subchronic
rat studies, such as Daniel et at. (1990), at 200 ppm was considered a consequence of decreased
water consumption associated with taste aversion.

Uncertainty factors : 100 (10x interspecies extrapolation. 10x intraspecies variation, Ix FQPA
safety factor). The FQPA safety factor is reduced to 1X for monochloramine because data from
existing reproductive and developmental studies across class (monochloramine and chlorine)
provide sufficient confidence that the reproductive and developmental issues have been
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addressed. Although the studies with chlorine are marginal in quality, they do give an indication
that adverse effects from monochioramine are not likely to occur.

Comments about Studv/Endpoint Uncertainty Factor: This study represents the best available

data to assess chronic toxicity.

Chronic RID =

9.5 mg/kg/day (NOAEL) = 0.1 mg/kg/day

100 (UF)

Monochloramine Carcinogenic Potential

Monochloramine is not classifiable as to human carcinogenicity (Group D) based on inadequate
human data and equivocal evidence of carcinogenicity from animal bioassays. A two-year
bioassay showed a marginal increase in mononuclear cell leukemia in female B6C3F1 mice.
Genotoxicity studies, both in vitro and in vivo, gave negative results (USEPA 2005b).

FQPA Considerations

Special Sensitivity to Infants and Children

As noted in the USEPA (2005b) IRIS record, the developmental and reproductive toxicity of
monochloramine has been examined in rats, but with suboptimal studies. However, due to the
chemical relationship between monochioramine and chlorine (U.S. EPA. 1992), reproductive and
developmental studies for chiorine (Druckrey, 1968; McKinney et al., 1976; Chernoff, ¢t. al,,
1979; Staples et al., Meier et al., 1985) may be used to satisfy these data gaps for
monochloramine. The available studies do not indicate concerns for increased sensitivity of the
fetus or offspring. Thus, the Agency believes it is appropriate to reduce the FQPA factor to 1X

for monochioramine.

Table 1. Summary of Toxicological Dose and Endpoints for Monochloramine’

(ali populations,
including infants and

Exposure | Dose used in Risk FQPA SF and Study and

Scenario Assessment Endpoint for Risk Toxicological Effects
UF Assessment

Acute Dietary No effects attributable to a single dose

children

Chronic Dietary NOAEL =9.5 Chronic rat study

All populations mg/kg/day FQPA SF=1X (NTP 1992)
UF =100 (10X inter~ | ¢PAD = ¢chr RfD) LOAEIL = None. No
and intra-species) FQPA SF observed effects at the
Chronic RfD = 0.1 highest dose tested.
mg/kg/day = 0.1 mg/kg/day

'UF = uncertainty factor, NOAEL = no observed adverse effect level, LOAEL = lowest

observed adverse effect level
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Conclusions

A review of the existing toxicological database is presented. Oral toxicological risk assessment
values are noted in Tabie 1 above.
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WASHINGTON, DC 20460
QOFFICE OF PREVENTION, PESTICIDES, ANO TOXIC SUBSTANCES
‘y\q.i.ﬂ ST.Q,.‘:’
] %
4?4( mm’ﬁ‘:’*&.
04/27/2011
MEMORANDUM
SUBJECT: Environmental Fate Assessment of Ammonium Sulfate and
Chloramine
PC Codes; 005601 DP Barcode Nos.. D381290
Decision Nos.: 443828, Registration Nos.: 1706-EUN
Petition No(s).. NA Regulatory Action: Environmental fate review
Risk Assess Type: NA Case No.: NA
CAS Nos.:
TXR No.: NA Ammonium suifate: 7783-20-2
Chloroamine;10599-90-3
MRID Nos.: 48340707, 40 CFR: NA
48340708, 48340811
FROM: A. Najm Shamim, PhD, Chemist m@“‘”’
Risk Assessment & Science Support Branch
Antimicrobials Division (7510P)
THRU: Nader Elkassabany, PhD, Chief /
Risk Assessment and Science Support Branc J
Antimicrobials Division (7510P)
TO: Dennis Edwards, Chief
Regulatory Management Branch 1
Antimicrobials Division (7510P)
and
Tracy Lantz, CRM for Nalco Products
Regulatory Management Branch 1
Antimicrobials Division (7510P)
W
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1) Background:

Nalco has requested to register 60620 (ammonium sulfate, 20%) for use as a
slimicide to treat water used in paper and paperboard water systems. The active
ingredient will be mixed with a registered product containing sodium hypochiorite
(often12.5%) and 3.5% NaQOH in the OxiPRO reactor. Various chemistry and
exposure aspects have been discussed in companion documents (Memos from
A. Najm Shamim to Tracy Lantz, 2011).} Ammonium sulfate, In its reaction with
alkaline sodium hypochlorite, forms chloramine {monochioramine) which, in tum,
is metered into the paper and paperboard water systems. Ammonium sulfate
may, theoretically, undergo more than the intended single chlorination reaction to
yield dichloramine and even trichloramine under some conditions. Chloramines
have been used as secondary water disinfectants by water utility companies all
over the U.S. for many years.

This document evaluates the environmental fate and transport of ammonium
sulfate and chioramine. The Agency has concluded that ammonium suifate and
ammonia are the same in aqueous solution, i.e., an equilibrium mixture of
ammonia and ammonium ions; the relative amount of each is mainly dependent
on pH.

2) Environmental Fate and Transport Assessment:

a) Ammonium Sulfate

Physical/chemical properties of ammonium sulfate:
Commonh name: Ammonium sulfate

CAS#: 7783-20-2

Molecular formuta; (NH;)250,

Molecular wt: 132

LogKow : N/A

Boiling point: N/A

Melting point: 280° C (decomposes) (Merck index, 12 Edition)

Vapor pressure: ~1x10% mmHg (at 25°C) estimated (EP! Suite)
Henry law constant: 5.5 10°° atmem®/mole

Water solubility: 43-70 g/L (25°C)

Log Kse: N/A

*Ammonium sulfate is an inorganic chemical and a highly water-soluble salt, it
has no measurable vapor pressure. Because it is an ionic chemical, an
octanol/water partition coefficient cannot be determined. It is not likely to be
bicaccumulated in aquatic organisms although, in some literature reports,
ammonia uptake by fish has been noted. Environmental fate guideline (Series
835) studies like hydrolysis and aqueous photodegradation are not applicable to
such chemicals.
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*Ammonium ion is present in various environmental media like water and soils. It
does not remain in any one environmental medium but is recycled into various
envircnmental media over the course of time. In air, it exists as ammeonia gas at
between 1 and 5 ppb; the half-life in air is a few days (estimated).

*The central atom in ammonia is nitrogen which is one of the most active
elements. Nitrogen exists in a variety of oxidation states from +5 to -3. In water,
ammonta (nitrogen in -3 state) and the nitrate ion (nitrogen in +5 state) may both
exist depending on pH and oxygen level.

*In ¢lay particles of soil, ammenium ion is adsorbed on the negative adsorption
sites. Under anaerobic conditions, it is adserbed much more weakly than under
aerobic conditions.

*Ammonium ion is central to the nitrogen cycle in biclogical systems serving as a
nitrogen source in the synthesis of amino acid, the building blocks of proteins,
etc.

*As a cation, ammonium ion does not exist by itself; ammoenium sulfate is
adsorbed onto soils and sediments. Under aerobic aqueous conditions,
ammoenium ion is readily bicdegraded by bacteria through the process called
nitrification. Ammonium ion, under basic conditions ¢an be converted into
ammonia gas which escapes into the atmosphere.

*Sulfate ions are likely to mineralize in soils and sediments.

Ammonium ions or ammoenium suifate are not likely to be of any risk concerns in
environmental media including air, soil, and water because of its inherent
instability. No environmental fate data are necessary.

b} Chloramine;:

As noted above, for use in paper and paperboard manufacturing processes,
ammonium sulfate is reacted with sodium hypochlorite forming chloramine.

Physical/chemical properties of chloramine;
Common Name: Chloramine

Other Name: Chioramide

CAS#: 10598-90-3

Mol For: H,CIN

MP: 190°C

Molwt: 51.48

Vapor pressure: 6.23 x 10 mmHg at 25°C
Koc = 14.3

Log Kow = -1.19

Water solubility: Highly soluble in water
Henry's Law Constant: 6.6 x 10 atmem®mole at 25°C (EPI Suite)

Taking into account the physicochemical properties, and environmental fate
parameters, the EP] Suite (version 4.0) screening level environmental fate
assessment can be summarized as follows:
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*Chloramine is highly soluble in water and its vapor pressure and Henry's Law
Constant are both low. Therefore, it is not expected to volatitize from water
surfaces quickly.

*A very low value of Log K, indicates that chioramine is not likely to
biaoccumulate in aquatic organisms.

*its low K¢ indicates that it is mobile in soils and sediments. [ts half-life in
agueous media varies from a fraction of a day to about 40 days (Health Canada,
1988) depending upon temperature, pH, and salinity.

*Chloramine has been in use as a secondary disinfectant in the U.8. and
internationally for over 50 years. Compared to hypochlorite ion/hypochlorous
acid, it degrades slowly and, hence, it's disinfecting ability in aqueous media is
longer lasting although weaker. Chloramine can easily be eliminated from
drinking water by simply boiling for iwenty minutes.

*All EPI Suite BioWIN models estimate that chloramine is quickly biodegraded
and it can be classified as readily biodegradable.

No additional environmental fate studies are required as the Agency has
determined that chioramine does not pose risks of concern in various
environmental media including air, water, and sail.

Chioramine in Drinking Water:

Since it is used as a secondary disinfectant for waste water treatment, it is likely
to be found as a contaminant in drinking water. EPA has set a maximum
Drinking Water Limit for a number of contaminants in surface water (and in
drinking water) regardiess of the source. The maximum contaminant limit goal
{(MCLG) for chioramines is 4.0 ppm and the maximum residual disinfectant level
goal (MRDLG) is alsc 4.0 ppm. Thus most of the water utilities are required to
keep the leve! of chioramines at or below this level for residential drinking water.

3) References:

1) A. Najm Shamim. 3/31/11. Nalco 60620. Reg. No. 1706-EUN.
Ammeoenium sulfate. D386118. Chemistry and Exposure.

2) Merck Index, 12™ Edition

3) U.8. EPA Estimation of Properties Program EP! Suite {version 4.0)

Sign-off Date  : 04/27111
DP Barcode No. : D3981280

enter - File R192913 - Page 40of §
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Chemical Name: Ammoninm snlfate

PC Code: 005601
HED File Code: 90430 AD RASSB Environ Fate Assessments
Memo Pate:  4/27/2011
File ID; DPDP391290
Accession #:  000-00-0137

HED Records Reference Center
71172011

86



April 26, 2011

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

OFFICE OF
PREVENTION, PESTICIDES AND
TOXIC SUBSTANCES

MEMORANDUM

Subject:

To:

From:

Copy to:

Applicant:

Acute Toxicity Review for Ammeonium Sulfate (1706EUN)
DP Barcode: 385696

Tracy Lantz

Team 31

Regulatory Management Branch I
Antimicrobials Division (7510P)

Melba S. Momrow, D.V.M. ¢ 4/2,4/ 1y
Special Assistant

Regulatory Management Branch I
Antimicrobials Division (7510P)

Karen Hicks, Team Leader
Chemistry and Toxicology Team
Product Science Branch
Antimicrobials Division (7510F)

NALCO

BACKGROUND:

The registrant seeks registration for a 20% ammonium sulfate product (60620). No data
have been provided and the registrant is relying on published literature to satisfy the acute
toxicity data requirements.

RECOMMENDATIONS:

The acute data requirements for ammonium sulfate have been satisfied through cite all. A
table summarizing the acute toxicity for this product is attached.
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Ammonium Sulfate Acute Toxicity
Background:

The registrant, Nalco has provided information on the acute toxicity of their ammonium
sulfate product, Nalco 60620, which contains 20% ammonium sulfate. The registrant has
relied on information on the acute toxicity of ammonia taken from the open literature and
from study results reported by OECD (2006-OECD SIDS Initial Assessment of
Ammonium Sulfate). Information on the dermal sensitizing potential was extracted from
a European literature citation (2000 IUCLID data set, CAS # 7664-41-7, Ammonia).

The following is a summary of the acute toxicity for ammonium sulfate based on
information provided by Nalco.

Acute Toxicity:

The following acute toxicity vaiues were provided for ammonium sulfate. A summary of
the acute toxicity was provided under MRID 483408-05, with the exception of the dermal
sensitization study.

Acute Toxicity Table for Ammonium Sulfate

Study LD50/1C50 | Tox Categary/Comments !
Acute Oral »2,000 mg/kg in rats rlu
Acute Dermal >2,000 mg/kg in rats/mice { 1]
Acute Inhalation >1000 mg/m3 in rats [ ‘
| Dermal Irritation Nen-irritant A
I Ocular [rritation Non-irritant v
] Dermal sensitization™ Non-sensitizer N/A

*Darmal sensitization study for ammonia conducted in guinea pigs using aqueous ammonia (20%
solution). Study Source: BASF AG

Conclusions:

The information provided by the registrant is sufficient to assess the acute toxicity of
ammonium sulfate.
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

g—i;cri?f::ali‘mtccz,\’i Sﬁgce Of peggic‘ide F?Dg{amg

Antimicrobials Division (AD)

March 31, 2011

DP BARCODE: 387710
MRID : NA
SUBJECT: Nalco 80620

(Name of Product)
File Symbol.: 1706-EUN

DOCUMENT TYPE: Product Chemistry Review

Manufacturing-use [ ] OR End-use Product [x]
INGREDIENTS:!

PC Code(s) CAS Number Active Ingredient(s):

005601 7783-20-2 Ammonium sulfate

TEST LAB(s): NA

SUBMITTER: Nalco Company

GUIDELINE: Product Chemistry Review (Reply to Registrant Response)

ORGANIZATION: AD\PSB\CTT
REVIEWER: Earl Goad
APPROVER: Karen P. Hicks
APPROVED DATE: March 31, 2011

COMMENT:
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

saamearan OFfice of Pesticide Programs

AgenTy

Antimicrobials Division (AD)

March 31, 2011

MEMORANDUM

SUBJECT:

CODE:

DATE DUE:

FROM:

THRU:

TO:

Applicant:

Product Chemistry Review for EPA File Symbol. 1706-EUN
Product Name: Nalco 60620
DP Barcode: 387710

(A380) New Al Food Use, With Exemption,
No Fee: Linked to PRIA Application

April 16, 2011

Earl Goad, Biologist
Chemistry and Toxicology Team
Product Science Branch
Antimicrobials Diviston (7510P)

Karen Micks, Team Leader W

Chemistry and Toxicology Team

Product Science Branch —FEQI’ KP H Lf' / é" l k
Antimicrobials Division (7510P)

Velma Noble PM#31/Tracy Lantz

Regulatory Management Branch |

Antimicrobials Division (7510F)

Nalco Company

PRODUCT FORMULATION FROM LABEL:

Active Ingredient(s): % by wi.

Ammonium sulfate 20.0
Other Ingredient(s): 80.0
Total: 100.0

1706-EUN_[3387710_Nalce 60620
Page 2 of 5 9 O



BACKGROUND.

On behalf of Nalco Company, Steptoe & Johnson, LLP has submitted an application for
registration of a new end-use product, Nalco 60620. The product is produced by an
integrated formuiation system (i.e., the product contains an active ingredient that is not
an EPA-registered product). This product is to be used in conjunction with a solution of
sodium hypochlorite to produce a stabilized chlorine solution within their OxiPro®
delivery system. The resulting active ingredient created is for use in controlling bacteria,
algae, and fungi in pulp and paper mill water systems.

The data package included the following documents:

1. Letter from the applicant’s representative to EPA. Subject: "Response to
Product Chemistry Review”, for Nalco 60615, EPA File Symboi 1708-EUN, dated
March 10, 201 1.

2. Letter from the Agency to Buckman Laboratories, Inc and a stamped product
label for Busan 1215, EPA Reg#: 1448-433.

3. Revised draft product label for the subject product, dated March 10, 201t
The label revision is highlighted.

4. Signed Certification Statements, to address OPPTS 830.1750 {Certified Limits)
for subject products, dated March 9, 2011.

FINDINGS; The following is a listing of issues identified in the product chemistry review
for this product dated February 17, 2011. Issues and Responses have been taken from
the Letter as indicated in BACKGROUND #1 (above). The bold text is our reply to the
registrant’s responses. Recommendation(s) provide suggestions to resolve the
identified issues.

1. Product Label

Issue: Insert "Physical or Chemicai Hazards”™ section to the product label and place a
statement regarding incompatibiifity of the product with other chemicals, including
hypochlorites.

Registrant Response: Adding the requested language is inappropriate for this product as
it is designed to be mixed with sodium hypochlorite to produce a stabilized chlorine
within the system, chloramine. The product label identifies this information in the
Directions for Use. In addition, in a label approved by the Agency on June 14, 2010, for
a substantially similar product. Busan 1215 (EPA Reg. No. 1448-433), was not required
to include a "Physical and Chemical Hazards” section on the label. Additional
information on Busan 1215 was included with the registration package for Nalco 60620
and may also be obtained from Dennis Edwards.

Agency Reply: The chemical hazards labeling is inherent to the productin
commerce in the form it is produced, packaged, sold, transported and stored
before use. We have expressed concern regarding the possibility of formation of
more toxic chloramines. There is much [ess concern of this when the product
would be mixed with hypochiorite under precisely controlied circumstances.

1706-EUN_D387710_Nalco 60620
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Most sodium hypochlorite products are labeled “do not mix with ammeonia
compounds”. This also includes two registered Nalco Product (EPA Reg#: 1706~
20001 Nalco 7341 containing 12.5% sodium hypochlorite and 1706-238 Nalcon
60735 containing 11.6% sodium hypochlorite}. Following the lines of reasoning as
in the response above, the hypochlorite used for this process should not have
comparable language relative to mixing with ammonia or ammonia compounds
due to its intended usage.

The registrant cites the product label for (Busan 1215} as an example of how this
new product should be labeled. Though the active ingredients are similar, this
new product contains about three times concentration of ammonium. As with the
precautionary language for hypochlorite solutions, ammonium solutions typically
caution regarding mixing with hypochlorite as well as other alkali solutions.

Recommendation: We suggest the following or similar wording placed on the
product jabel under Physical and Chemical Hazards

Physical and Chemical Hazards:

Direct mixing of this product with sodium hypochjorite solutions and other strong
oxidizing and alkali chemicals will release hazardous gases. Only mix with other
chemicals or materials solutions following Directions for Use for this product.

Issue: Under "Pesticide Storage” on the product label, add instructions specifying what
to do if the product leaks or spills from the container.

Registrant Response. The information has been added to the product label. Please see
attached label with a revision date of 03/10/2011.

Agency Reply: The additions made to the Pesticide Storage section of the revised
product label dated March 10, 2011 are acceptable.

2. Product Chemistry Group A

Issue: OPPTS 830.1750 (Certified Limits): A signed certification statement must be
provided.

Registrant Response. An amended study containing the certification statement will be
filed with the Agency. A copy of the page containing the certification statement is
attached to this letter.

Agency Reply: The certification statements requested to address OPPTS 830.1750
have been received for EPA File Symbol 1706-EUN “Nalco 60620” MRID# 484241-
01 has been received and found to be acceptable.

1706-ELUN_D387710_Nalco 60620
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3. Product Chemistry Group B

issue: OPPTS 830.6314 (Oxidation/Reduction). Chemical incompatibilities must be
identified on the label.

Registrant Response: Adding the requested language is inappropriate for this product as
it is designed to be mixed with sodium hypochlorite to produce a stabilized chlorine
within the system, chloramine. The product label identifies this information in the
Directions for Use. See response to ltem 2 for additional information.

Agency Reply: Though the product is not necessarily considered to be a strong
oxidizing or reducing agent, it does react in proportion to its concentration and
the concentration of other reactants. Mixing with hypochlorite and alkaline
solutions outside of the OxiPro® represents uncontroiled conditions which are
more likely to produce undesirable toxic by-products. See the recommendation
under labefing section.

CONCLUSIONS:

We thank the registrant for complying with the requests made in our previous review of
this product. However we still feel this is an issue regarding Physical and Chemical
Hazard Labeling. Labeling must reflect the chemical incompatibilities of the registered
product (product in commerce) independent of its ultimate use. Such Hazard L.abeling
can be worded so as to mitigate such hazards when used in specific accordance to the
labeled directions. The hazards are still present until such directions are followed.

1706-EUN_D387710_Nalco 60620
Page 5 of 5
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTCN, D.C. 20460

e e (Office of Pesticide Programs

SpEnsy

Antimicrobials Division (AD)

February 17, 2011

DP BARCODE: 385697

MRID : 483408-01 thru 483408-04
SUBJECT: Nalco 60620

(Name of Product)

File Symbol.: 1706-EUN

DOCUMENT TYPE: Product Chemistry Review

Manufacturing-use [ ] OR End-use Product [x]
INGREDIENTS:
PC Code{s) CAS Number Active Ingredient(s).
005601 7783-20-2 Ammonium sulfate
TEST LAB(s): Case Consulting Laboratories, Inc.
SBC Laboratories, Inc.
SUBMITTER: Nalce Company
GUIDELINE: Product Chemistry Group A and B

ORGANIZATION: ADA\PSB\CTT
REVIEWER: Earl Goad
APPROVER: Karen P. Hicks

APPROVED DATE: February 17, 2011

COMMENT:
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20480

Uraled Sumias

s OTfiCE Of Pesticide Programs

ByzErny

Antimicrobials Division (AD)

February 17, 2011

MEMORANDUM

SUBJECT:

CODE:

DATE DUE.

FROM:

THRU:

TC:

Applicant:

Product Chemistry Review for EPA File Symbol. 1706-EUN
Product Name: Nalco 80620
DP Barcode: 385697

(A380) New Al, Food Use, With Exemption, fLD\\
No Fee: Linked to PRIA Application ’1\\§

April 16, 2011

Earl Goad, Biologist

Chemistry and Toxicology Team
Product Science Branch
Antimicrobials Division (7510P)

Karen Hicks, Team Leader
Chemistry and Toxicology Team
Product Science Branch
Antimicrobials Division (7510F)

Velma Noble PM#31/Tracy Lantz
Regulatory Management Branch |
Antimicrobials Division (7510P)

Nalco Company

PRODUCT FORMULATION FROM LABEL:

Active Ingredient(s): % by wit.

Ammonium sulfate 20.0
Other Ingredient(s): 80.0
Tolal: 100.0

1706-EUN_D385697 Nalco 60620
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BACKGROUND:

On behalf of Nalco Company, Steptoe & Johnson, LLP has submitted an application for
registration of a new end-use product, Nalco 60620. The product is produced by an
integrated formulation system {i.e., the product contains an active ingredient that is not
an EPA-registered product). This product is to be used in conjunction with a solution of
sodium hypochlorite to produce a stabilized chlorine solution within their OxiPro®
delivery system. The resulting active ingredient created is for use in controlling bacteria,
algae, and fungi in pulp and paper mill water systems.

The data package included the following documents dated December 23, 2010;
1. Letter from the applicant’s representative to EPA.
2. EPA Form 8570-1 {Application for Pesticide).

Confidential Statement of Formula (CSF) for the basic formulation, dated

December 23, 2010.

EPA Form 8570-35 (Data Matrix).

Draft label

Five study documents (MRID 483408-01 through 483408-04).

Revised draft label dated February 11, 2011

Nooh

Note: The data package also included a document prepared by McKenna Long &
Aldridge LLP, regarding the registration of certain ammeonia products. CTT believes this
was provided as reguiatory background material which is not considered as subject to
product chemistry review.

FINDINGS: A detailed review breakdown may be found in Product Chemistry Review [, I|
and in Table A and B starting on page 4. Items listed here provide additional comments
and items which must be addressed.

1. Confidential Statement of Formula; The basic CSF dated September 23, 2010 is
acceptabie.

2. Product Label: Labeling recommendations.

a. Under the new “Physical or Chemical Hazards” section of the product
label, place a statement regarding the incompatibility of the product with
other chemicals (e.g., strong oxidizers, acids, bases, nitrates, and
hypochlorites).

b. Add the heading “Physical or Chemicai Mazards” immediately beneath
the “Environmental Hazards” section of the product label.

c. Under the "Pesticide Storage” section of the product label, add
instructions that specify what to do if the product leaks or spills from the
product container.

1706-EUN_D385697_Nalco 60620
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3. Product Chemistry Group A and B

a. Product Chemistry Group A. OPPTS 830.1750 (Certified Limits) a signed
certification statement must be provided, as requested under OPPTS
830.1750(g).

b. Product Chemistry Group B

i. OPPTS 830.6314 (Oxidation/Reduction: Chemical Incompatibility}
study is waived based upon known chemical incompatibilities of
urea with other chemicals. Chemical incompatibilities must be
listed on the product label. See Product l.abel FINDINGS #2 a.
(above)

. OPPTS 830.8317 (Storage Stability) and OPPTS 830.6320
(Corrosion Characteristics) study. The agent for the registrant
reports that this study is in process and will be reported to the
Agency upon completion.

CONCLUSION:

The basic CSF dated December 23, 2011 is found to be acceptable as submitted.
Several labeling revisions are recommended. Additionally, issues have been identified
in both product chemistry group A and group B.

1706-EUN_D385697_Nalco 60620
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PRODUCT CHEMISTRY REVIEW

1.

CONFIDENTIAL STATEMENT OF FORMULA

a. Type of formulation and source registration:

* Non-integrated formulation system Yes|[ ] No [X1
o Are all TGAIs used registered? Yes] ] No [X]
* Integrated formulation system Yes [X] No [X]

o [f*"ME-TOO,” specify EPA Reg. No. of existing product:

b. Clearance of inerts for non-food or food use:
The product is cleared for food use under 40 CFR §§180.940 and
180.950.
Yes|[ ] Nol ]

Note: The product consists of RGN -

intended for food use.
c. Physical state of product: Liquid
d. The chemical IDs and analytical information (including that for the TGAls),

density, pH, and flammability are consistent with that given in 830 Series, Group
B.

Yes [X] No [X]
e. The NCs and CLs are acceptable. Yes [X] No[ ]
f. Active ingredient NG LCL UCL
(%) (%) (%)
Ammonium sulfate 20.00 19.0 21.0

g. For products produced by an integrated formulation system:

+ Do all impurities of toxicological significance have a UCL?
Yes{ ] No] i Not applicable [X]

« Have all impurities of 2 0.1% in the product been identified?
Yes|[ } Nof ] Not applicable [X]

1706-EUN_D385697_ Nalco 60620
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I1

PRODUCT LABEL

a. The active ingredient statement (chemical IDs and NC) is consistent with the
CONFIDENTIAL STATEMENT OF FORMULA, Yes |X]No[ ]

b. The formula contains one of the following:

e« 10% or more of a petroleum distillate: Yes|[ ] No [X]
¢ 1.0% or more of methyl alcohol: Yes|[ ] No |X]
» sodium nitrite at any level; Yes | ] No ]X]
* atoxic List 1 inert at any level; Yes|[ ] No [X]
e arsenic in any form: Yes [ ] No [X]

¢. If "yes” to any of the above, does the inert ingredients statement contain a
footnote indicating this? Yes [ ] No [ ] Not applicable [X]

d. Appropriate warning statements regarding flammability or explosive
characteristics of the product are listed on the label,
Yes|[ ] No[ ] Not applicable [X]

e. The storage and disposal instructions for the pesticide container are in
compliance with PR Notice 84-1 for househoid use products or PR Notice 83-3

for alf other uses.
Yes [X] Nol ]

f. The product requires an expiration date at which time the NC falls below the
LCL (based on the 1-year storage stability data or other information).
Yes [X] No| ]

Note: Storage stability studies are ongoing and have nof been
completed.

1706-EUN_D385697_Nalco 60620
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Table A:
Product Chemistry (Series 830, Group A)

Data Requirements Acceptance of Information MRID No.

830.1550 Product Identity’ A 483408-01

and C3SF

830.1600 Description of A 483408-0t
Materials

830.1620 Production Process” | NA —

830.1650 Formulation A 483408-01
Process® and CSF

830.1670 Formation of A 483408-01
Impurities”

830.1700 Preliminary Analysis® | A — Results from the analysis of five 483408-02

batches of the pure active ingredient
were provided. Testing was conducted
in compliance with GLP.

830.1750 Certified Limits® A - Standard certified limits were 483408-0t
proposed. and CSF

G — A signed certification statement must
be provided, as requested under OPPTS
830.1750(g).

830.1800 Enforcement A — A copy of a titration method was 483408-0t
Analytical Method’ provided for determining active ingredient
content in the product.

830.1900 Submittal of Samples | [Samples are to be provided on a case-
by-case basis for end-use products.]

Explanation: A=acceptable; N=not acceptable {i.e., item was submitted but is not
acceptable); NA=technically not applicable {i.e., not required); G=data gap {i.e., item was
not submitted but is required); U=requires upgrading (i.e., item is unacceptable but
upgradeable);, W=waived; E=EPA estimate.

'See Confidential Appendix A for additional information.

For MP/EP products produced by an integrated formulation system.

*For products from a TGAI or MP.

“May be waived unless actual/possible impurities are of toxicological concern.
°Five batch analysis required for products produced by an integrated formulation
system.

%If different from standard CLs recommended in 40 CFR 158, t75, this should be
discussed in Confidential Appendix A.

"Abbreviate method used as follows: gas chromatography (GC), infrared (IR),
ultraviolet absorption (UV), nuclear magnetic resonance {NMR), etc.

1706-EUN_D385697 Nalco 60620
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Table B:

Physical and Chemicai Characteristics {Series 830, Group B)

Physical/Chemical Acceptance Value or Qualitative MRID No.
Properties® of Data Description

830.6302 Color A The color of the product is clear, | 483408-03
based on visual inspection.

830.6303 Physical State A The product is a liquid, based 483408-03
on visual inspection,

830.6304 QOdor A The product is odorless, based 483408-03
on observation.

830.6313 Stability to Normal | NA Not applicable. The product is 483408-03

and Elevated Temperatures, not intended to be in contact

Metals, and Metal lons with metal or metal ions in
storage or to be stored at
elevated temperatures.

830.6314 Oxidation/ A A wavier is requested based on | 483408-03

Reduction; Chemical the well-known reactivity of

Incompatibility ammonium sulfate.

Note: The MSDS for
ammonium sulfate indicates
incompatibility with strong
oXidizers, bases, chlorates, and
nitrates.

830.6315 Flammability/ NA Not applicable. The product 483408-03

Flame Extension does not contain combustible
liquids.

830.6316 Explodability NA Not applicable. The product is 483408-03
not potentially explosive.

830.6317 Storage Stability G A storage stability study is Agent's
currently underway. Results will Letter
be provided to EPA once the
study is complete,

830.6319 Miscibility’ NA Not applicable. The product is 483408-03
not an emulsifiable liquid or
diluted with petroleum solvents.

830.6320 Corrosion G A corrosion characteristics study |  Agent's

Characteristics is currently underway. Results Letter
will be provided to EPA once the
study is complete.

830.6321 Dielectric NA Not applicable. The product is 483408-03

Breakdown Voltage

not intended for use around
electrical equipment.

1706-EUN_D385697_Nalco 60620

Page 8 of 9
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Physical/Chemical Acceptance Value or Qualitative MRID No.
Properties* of Data Description

830.7000 pH* A The mean pH of the product 483408-04
was reported to be 5.52 at
25.1°C. A 1% wiw solution of
the product in CO,-free reagent
water was tested. Three
determinations were made.
Testing was conducted in
compliance with GLP.

830.7050 UV/Visibie Absorption | NA [Not required for end-use products.]

830.7100 Viscosity A The mean viscosity of the 483408-04
product was reported to be 1.25
cP at 20.0°C (at 30 rpm) and
0.70 ¢P at 40.0°C (at 30 rpm)
(as determined using a
Brookfield rotational
viscometer). Two
determinations were made at
each temperature.
Measurements were also made
at 60 rpm. Testing was
conducted in compliance with
GLP.

830.7200 Metting Point/Melting | NA {Not required for end-use products.}

Range

830.7220 Boiling Point/Boiling NA [Not required for end-use products.]

Range

830.7300 Density/Relative A The mean density of the product | 483408-04

Density/Bulk Density was reported to be 1.0563 g/mL
at 20.0°C. Three determinations
were made. Testing was
conducted in compliance with
GLP,

830.7370 Dissociation NA [Not required for end-use products.]

Constants in Water

830.7550/830.7560/830.7570 NA [Not required for end-use products.]

Partition Coefficient

830.7840/830.7860 Water NA {Not required for end-use products.]

Solubility

830.7950 Vapor Pressure NA [Not required for end-use products.]

Explanation: A=acceptable; N=not acceptable (i.e., item was submitted but is not

acceptable); NA=technically not applicable (i.e., not required); G=data gap (i.e., item was
not submitted but is required); U=requires upgrading (i.e., item is unacceptable but
upgradeable); W=waived; E=EPA estimate.

* Provide brief descripticn, e.g., color — yetiow or property value, e.g., density 1.25 g/cc.
Unless otherwise indicated, the property shouid be at 25°C.

"If product is an emulsitiable liquid
2§ product is dispersible with water

1706-EUN_D385697 Nalco 60620
Page 9 of 9
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06/22/2011 02:42 PM

Thanks, Tracy.
Juli

----- Original Messgage-----

From: Lantz.Tracyeepamail.epa.gov [mailto:Lantz.Tracy®epamail.epa.gov]
Sent: Wednesday, June 22, 2011 2:37 PM

To: Mann, Juliana

Subject: Re: Any change with the pending Nalco registrations?

No change from what Dennis last reported.
{Embedded image moved to file: pic32308.3pg)

From: "Mann, Juliana" <JMann@steptoe.coms

To: Dennis Edwards/DC/USEPA/US@EPA, Tracy Lantz/DC/USEPA/US@EPA
Date: 06/22/2011 12:26 PM

Subject: Any change with the pending Nalco registrations?

Hi Dennis and Tracy.

Any change in status to 1706-EUR, -EGQO, -BUN? Nalco’s asking for an update.
Pennis, I hope vou had a regtful vacation.

Thanks,

Juli

Juli Mann | Regulatory Analyst | Steptoe & Johnson LLP |1330 Connecticut
Avenue, NW | Washington, DC 20036-1795 | Phone: 202-429-3095 | Fax:
202-429-3902 | jmann@steptoe.com

Thig emall may contain information that is privileged, confidential, or
otherwise protected from disclosure. If you have received this email in error,

do not copy, distribute, save or otherwise use. Please notify the sender
immediately at jmann@steptoe.com.
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BT Re: Any change with the pending Nalco registrations?

06!22!201_ 102:36 PM

Tracy Lantz to: Mann, Juliana

No change from what Dennis {ast reported.

4
ragy ety

Tracy Lantz

Regulatory Team 31

Antimicrobials Division

U. S. Environmental Protection Agency
Phone: {703} 3086415

FAX: (703) 308-8481

"Mann, Juliana” Hi Dennis and Tracy, Any change instatusfo 17...  06/22/2011 12:26:09 PM
From: "Mann, Juliana" <JMann@steptoe.com>
To: Dennis Edwards/DC/USEPA/US@EPA, Tracy Lantz/DC/USEPA/USGEPA
Date; 06/2212011 12:26 PM
Subject: Any change with the pending Nalco registrations?

Hi Bennis and Tracy,

Any change in status to 1706-EUR, -EGO, -EUN? Nalco's asking for an update.
Dennis, | hope you had a restful vacation.

Thanks,

Juli

Juli Mann | Regulatory Analyst | Steptoe & Johnson LLP |1330 Connecticut Avenue, NW | Washington, DC
20036-1795 | Phone: 202-429-3095 | Fax: 202-429-3902 | jmann@steptoe.com

This email may contain information that is privileged, confidential, or otherwise prolected Irom disclosure. If you have received this
email in error, do not copy, distribute, save or otherwise use. Please notify the sender immediately at jmann@steptos.com.
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™, Any change with the pending Nalco registrations?
Mann, Juliana

to:

Dennis Edwards, Tracy Lantz

06/22/2011 12:26 PM

Hide Details

From: "Mann, Juliana" <JMann@steptoe.com>

To: Dennis Edwards/DC/USEPA/US@EPA, Tracy Lantz/DC/USEPA/US@EPA

History: This message has been replied to.
Hi Dennis and Tracy,

Any change in status to 1706-EUR, -EGO, -EUN? Nalico’s asking for an update.
Dennis, | hope you had a restful vacation.
Thanks,

Juii

Juli Mann | Regulatory Anzlyst | Steptoe & Johnson LLP [1330 Connecticut Avenue, NW [ Washington, DC 20036-1795 | Phone:
202-429-3095 | Fax: 202-429-3902 | imann@steptoe.com

This email may canlain information that is priviteged, confidential, or otherwise protected from disclosure, if you have received this email in error, do not
copy, distribute, save or otherwise use. Please notify the sender immediately at jmann@ste ptoe com.

105
file://C:\Documents and Settings\tlantz\Local Settings\Temp\notes87944B\~web9216.htm  8/12/2011



RE: DERs for 1706-EUN

Mann, Juliana to: Tracy Lantz 06/14/2011 03:11 PM

Thank you for checking,
Juli

»»»»» Original Message-----

From: Lantz.Tracy@epamail.epa.gov [mallto:Lantz.Tracy@epamail.epa.gov]
Sent: Tuesday, June 14, 2011 2:08 PM

To: Mann, Juliana

Ce: Edwards.Dennig@epamail.epa.gov

Subject: Fw: DERs for 1706-RBUN

I have spoken with my management and they have indicated that since we have
not complete our review, we are not able to release the DERs at this time.
(Embedded image moved to file: picls298.73pg)

»»»»» Forwarded by Tracy Lantz/DC/USEPA/US on 06/14/2011 03:04 PM -~~~

From: Tracy Lantz/DC/USEPA/US

To: "Mann, Juliana®" <JMann@steptoe.coms
Date: 06/14/2011 02:30 BPM

Subject: Re: DERs for 1706-EUN

I have been unable to speak to my management today regarding this issue.
I am hoping to speak to them this aftermnocon.
{Embedded image moved to file: pic0l348.1pg)}

¥rom: *Mann, Juliana®" <JManne@steptoe.com:
TO: Tracy Lantz/DC/USEPA/USAEPA

Date: 06/14/2011 01:55 PM

Subject: DERs for 1706-REUN

Hi Tracy,

I just wanted to follow-up on the reguest for the DERs for the ammonium
sulfate registration, 1706-EUN. The folks at Nalco are flying out tomorrow
afternoen for a Thursday morning meeting with New York. Any chance the DERs
will be available by tomorrow afternoon?

I know it's an imposition armd I apologlze for that but I wanted to check
whether they’ll be ready.

Thank you,
Juli

Jull Mann

Regulatory Analyst
Steptoe & Johnson

1330 Connecticut Ave., NW
Washington, D.C. 20036
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Fw: DERSs for 1706-EUN
Tracy Lantz to: Mann, Juliana 06/14/2011 03:07 PM
Cc:  Dennis Edwards

Bee: Jennifer Mclain, Joan Harrigan-Farrelly

I have spoken with my management and they have indicated that since we have not complete our review,
we are not able to release the DERs at this time.

"
Yrogy Lags™

Tracy Lantz
Regulatory Team 31
Antlmicrobials Division
U. S. Environmental Protection Agency
Phone: {703} 3086415
FAX: (703) 3088481
—-- Forwarded by Tracy Lantz/DC/USEPA/US on 06/14/20 t1 03:04 PM <

From: Tracy Laniz/DC/USEPA/US

To: "Mann, Jufiana” <JMann@sleptoe.com>
Date: 06/t4/201t 02:30 PM

Subject: Re: DERs for 1705-EUN

I have been unable to speak to my management today regarding this issue. | am hoping to speak to them
this afternoon.

=
Vragy agts”

Tracy Lantz

Regulatory Team 31

Antimicrobials Division

U, 8. Environmental Protection Agency
Phone: {703} 308-6415

FAX: {703)308-8481

"Mann, Juliana” Hi Tracy, Ijust wanted 1o follow-up on the reque...  06/14/2011 01:55:10 PM
From: "Mann, Julilana® <JMann@steploe.com>
To: Tracy LantzDC/USEPA/US@EPA
Date: 06/t4/20t1 01:55 PM
Subject: DERs for 1706-EUN
Hi Tracy,

| just wanted to follow-up on the request for the DERs for the ammoenium sulfate registration, 1708-EUN.
The folks at Nalco are flying out tomorrow afterncon for a Thursday morning meeting with New York, Any
chance the DERs will be available by tomorrow afternoon?
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| know i's an imposition and | apologize for that but [ wanted to check whether they'll be ready.

Thank you,
Juli

Juli Mann

Regulatory Analyst

Steptoe & Johnson

1330 Connecticut Ave,, NW
Woashington, D.C. 20036
202-429-3095
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Re: DERSs for 1706-EUN
=] Tracy Laniz to: Mann, Juliana 06/14/2011 02:30 PM

| have been unable to speak to my managerment today regarding this issue, | am hoping 10 speak to them
this afternocon.

7 _
Jragy dagts”

Tracy Lantz

Regulatory Team 34

Antimicroblals Division

U. S. Environmental Protection Agency
Phone; {703) 3086415

FAX: {703) 3088481

"Mann, Juliana" Hi Tracy, | just wanted to follow-up on the reque... 06/14/2011 01:55:10 PM
From: "Mann, Juliana" <JMann@steptoe.com>
To: Tracy Lantz/DC/USEPA/US@EPA
Date: 06/14/2011 01:55 PM
Subject: DERs for 1706-EUN
Hi Tracy,

I just wanted to follow-up on the request for the BERs for the ammonium sulfate registration, 1706-ELIN.
The folks at Nalco are flying out tomorrow afternoon for a Thursday morning meeting with New York. Any
chance the DERs will be available by tomorrow afternoon?

| know it's an impositicn and | apologize for that but | wanied to check whether they'll be ready.

Thank you,
Juli

Juli Mann

Regulatory Analyst

Steptoe & Johnson

1330 Connecticut Ave., NW
Washington, D.C. 20036
202-428-3095
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"o DERSs for 1706-EUN

Mann, Juliana

to:

Tracy Lantz

06/14/2011 01:55 PM

Hide Details

From: "Mann, Juliana" <JMann@steptoe.com>

To: Tracy Lantz/DC/USEPA/US@EPA

History: This message has been replied to.
Hi Tracy,

| just wanted to follow-up on the request for the DERSs for the ammonium sulfate registration, 1706-EUN. The
folks at Naico are fiying out temorrow afternoon for a Thursday morning meeting with New York. Any chance the
DERs will be available by tomorrow afternoon?

| know it's an imposition and | apologize for that but | wanted to check whether they'l be ready.

Thank you,
Juli

Juli Mann

Regulatory Analyst

Steptoe & Johnson

1330 Connecticut Ave., NW
Washington, D.C. 20036
202-429-3005
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Comments on Ammonia and Urea Draft Decisions and Questions

Re: Draft Urea Decision memo for your review 3
Jennifer Mclain, Tracy Lantz, Chris Kaczmarek,

Philip Ross to: Dennis Edwards, Joan Harmrigan-Farrelly, Melba 056/14/2011 0t:23 PM
Morrow, Velma Noble

Attomey Client Communication
Attorney Work Product
Deliberative

Privileged and Confidential

Do Not Release

All--
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Thanks!

Phit

Phifip J. Ross

United States Environmentai Protection Agency
Office of General Counsei

Pesticides and Toxic Substances Law Office
202-564-5637

Philip Ross Attorney Ciient Communication Attorney Work P... 06/13/2011 02:30:22 PM
From: Philip Ross/DC/USERPA/US
To: Jennifer Mclain/DC/USEPA/US@ERPA
Cc: Tracy Lantz/DC/USEPA/US@EPA, Chiis Kaczmarek/DC/USEPA/US@EPA, Dennis

Edwards/DC/USEPA/US@EPA, Joan Harrigan-Farrelly/DC/USEPA/US@EPA, Mefha
Morrow/DC/USEPA/US@EPA, Velma Noble/DCAISEPAUS@EPA
Date: 06/13/2011 02:30 PM
Subject: Re: Draft Urea Decision memo for your review

Attorney Client Communication
Attorney Work Product
Deiiberative

Priviteged and Confidentiaf

Bo Not Reiease

Phifip J. Ross

United States Environmental Protection Agency
Office of General Counsel

Pesticides and Toxic Substances Law Office
202-564-5637

Jennifer Mciain rhil 06/13/2011 02:23:40 PM
Phifip Ross Attorney Client Communication Attorney Work P... 06/13/2011 02:03:44 PM

Tracy Lantz ehil, 06/10/2011 06:24:41 PM
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Re: 1706-EUN DERs
IR Tracy Lantz to: Mann, Juliana 06/t0/2011 04:33 PM

I'll check with my management next week to be sure there aren’t any objections to providing the DERs
before the product is registered.
Ifitis OK, § will try to get them to you sometime next week.

p;
Drogy gt

Tracy Lantz

Regulatory Team 31

Antimicroblals Division

U. 8. Environmental Protection Agency
Phone: (703) 308-6415

FAX: (703) 3088481

"Mann, Juliana" HiTracy, is there any way we can get copies of t... 0671042011 04:07:55 PM
From: "Mann, Jufiana" <JMann@steptoe.com>
To: Tracy Lantz/DC/USEPA/US@EPA
Ce: Dennis Edwards/DC/USEPA/US@EPA
Date: 06/10/2011 04:07 PM
Subject: t706-EUN BERs
Hi Tracy,

Is there any way we can get copies of the DERs for the ammonium sulfate registration? Nalco
has a pre-registration meeting next week with New York to discuss the registration and New
York has requested the DERs. | have the product chemistry review from February.

As before, thank you very much,

Juli

Juli Mann | Regulatory Analyst | Steptoe & Johnson LLP [1330 Cennecticut Avenue, NW | Washington, DC
20036-1795 | Phene: 202-429-3095 | Fax: 202-429-35902 | imann@steptoe.com

This email may contain information that is privileged, confidential, or ¢therwise protected from disclosure. If you have received this
email in error, do nat copy, distribute, save or ctherwise use. Please nofify the senderimmediately at jmann@steptos.com.
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1706-EUN DERs

Mann, Juliana

to:

Tracy Lantz

06/10/2011 04:07 PM

Ce:

Dennis Edwards

Hide Details

From: "Mann, Juliana" <JMann@steptoe.com>

To: Tracy Lantz/DC/USEPA/US@EPA

Cc: Dennis Edwards/DC/USEPA/US@EPA

History: This message has been replied to.
Hi Tracy,

Is there any way we can get copies of the DERSs for the ammonium sulfate registration? Nalco has a
pre-registration meeting next week with New York to discuss the registration and New York has
requested the DERs. | have the product chemistry review from February.

As before, thank you very much,

Judi

Juli Mann | Regulatory Analyst | Steptoe & Johnson LLP | 1330 Connecticut Avenue, NW | Washington, OC 20036-1795 | Phone:
202-429-3005 | Fax: 202-429-3902 | jmann@steptoe.com

This email may contain information that is privileged, confidential, or otherwise protected from disclosure. If you have received this email in error, do not
copy, distribule, save or otherwise use. Please nofify the sender immediately at jmann@steptos.com.
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Re: GG -
Robert Perlis to: Philip Ross 06/03/20t1 03:30 PM
. Chris Kaczmarek, Dennis Edwards, Jennifer Mclain, Joan

" Harrigan-Farrelly, Leslye Fraser, Steven Bradbury, Kim Wilson

Joan et at:

Bob
Philip Ross Attorney Client Communication Attorney Work... 06/03/2011 10:20:46 AM

From: Philip Ross/DC/USERA/US

To: Jean Harrigan-Farrelly/DC/USEPA/US@EPA

Cc: Chris Kaczmarek/DC/USEPA/US@EPA, Dennis Edwards/DC/USEPA/US@EPA, Jennifer
Mclain/DC/USEPA/US@EPA, Leslye Fraser/DC/USEPA/US@ERA, Robent
Perlis/DC/USEPA/USEERA, Steven Bradbury/DC/USEPA/US@EPA

Date: 06/03/2011 10:20 AM

Subject:

Atterney Client Communication
Attorney Work Product
Deliberative

Priviteged and Confidential

Do Not Release

Joan--

115

+IANBIIQI[AP [BUINU] ;39N POId YI0M [BUIINU] ., UOI)EITUNTWITO0I JUII[I-AIUI0))E PISI[IALI] -



Thank you all so much!fii!

Fw: Clean Scanllll RE: Final Signed Joan Harrigan-Farrefly Declaration
Joan Harrigan-Farrelly, Caroline Klos, Eastlyn

Philip Ross to: Mcintyre, Dennis Edwards, Tracy Lantz, Jennifer 04/27/2011 05:50 PM
Mclain

Cc: Leslye Fraser, Chris Kaczmarek

Attorney Client Communication
Attorney Work Product
Deliberative

Privileged and Confidential

Do Not Release

Joan/Eastlyn/Caroline/Dennis/Tracy/Jennifer--

Thanks again!
Phil

Philip J. Ross

United States Environmental Protection Agency
Office of General Counsel

Pesticides and Toxic Substances Law Office
202-564-5637

~-—- Forwarded by Philip Ross/DC/USEPA/US on 04/27/2011 §5:43 PM —----

From; Philip Ross/DC/USEPA/US
To: "Hostetler, Eric (ENRD)" <Eric.Hostetler@usdoj.gov=>
Cc: Chris Kaczmarek/DC/USEPA/US@EPA, Don Lott/DC/USEPA/US@EPA, John

Ruggero/DCHUSEPA/US@EPA, Kim Wilson/DC/USEPA/US@EPA, Rosemarie
Kelley/DC/USEPA/US@EPA

Date: 04/27/2011 05:24 PM

Subject: Clean Scanlll! RE: Final Signed Joan Harrigan-Farrelly Declaration

Attorney Client Communication
Atterney Work Product
Deliberative

Privileged and Confidential

Do Not Release
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| :
Harrigan-Fanelly Declaration. pdf
Philip J. Ross
United States Environmental Protection Agency
Office of General Counsel
Pesticides and Toxic Substances Law Office
202-564-5637

"Hostetler, Eric (ENRD) | $ 04/27/2011 05:19:03 PM

From: "Hostetler, Eric {(ENRD)" <Eric.Hostetler@usdof.gov>

To: Philip Ross/DC/USEPA/US@EPA

Cc: Chrris Kaczmarek/DC/USEPA/US@EPA, Don LotvDCAUSEPA/US@EPA, John
Ruggero/DC/USEPA/US@EPA, Kim Wilson/DC/USEPA/US@EPRA, Rosemarie
Kelley/DC/USEPA/US@EPA

Date: 04/27/12011 05:19 PM

Subject; RE: Final Signed Joan Harrigan-Farrelly Declaration

~~~~~ Original Message-----~

From: Ross.Philip@epamail.epa.gov [mailto:Ross.Philip@epamail.epa.gov]
Sent: Wednesday, April 27, 2011 5:10 PM

To: Hostetler, Eric (ENRD}

Cec: Kaczmarek. Chris@epamail.epa.gov; Lott.Don@epamall.epa.gov;
Ruggero.John@epamail .epa.gov; Wilson.Kim@epamail.epa.gov;
Kelley.Rosemarlie@epamail . epa.gov

Subject: RE: Final Signed Jecan Harrigan-Farrelly Declaration

Attorney Client Communication
Attorney Work Product
Deliberative

Privileged and Confidential
Do Not Release

Philip J. Ross

United States Envirommental Protection Agency
Office of General Counsel

Pesticides and Toxic Substances Law Office
202-564-5637

From: "Hostetler, BEric (ENRD)" <Eric.Hostetler@usdo].govs
To: Philip Ross/DC/USEPA/USRERPA
Ce: Chris Kaczmarek/DC/USEPA/US@EPA, Don Lott/DC/USEPA/US@EPA,

John Ruggero/DC/USEPA/US@EPA, Kim Wilson/DC/USEPA/US®EPA,
Rosemarie Kelley/DC/USEPA/US@EPA

Date: 04/27/2011 05:05 BM

Subject: RE: PFinal Signed Jean Harrigan-Farrelly Declaration
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----- Original Message-----

From: Ross.Philip@epamail.epa.gov [mailto:Ross.Philip@epamail.epa.gov]
Sent: wednesday, April 27, 2011 5:04 PM

To: Hostetler, Eric [ENRD)

Cc: XKaczmarek.Chris@epamall.epa.gov; Lott.Don@epamail.epa.gov;
Ruggero.John@epamail.epa.gov; Wilson . Kim@epamall.epa.gov;
Kelley.Rosemarie@epamail . epa .gov

Subject: Final Signed Joan Harrigan-Farrelly Declaration

Importance: High

Attorney Client Communication
Attorney Work Product
Deliberative

Privileged and Confidential
DO Not Release

Eric--

Phil

Philip J. Ross

United States Environmental FProtection Agency
Office of General Counsel

Pesticides and Toxic Substances Law Office
202-564-5637
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UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF COLUMBIA

NALCO COMPANY
1601 West Diehl Road
Naperville, IL 60653
Plaintiff,

\ Civil Action No. 1:11-cv-00760
UNITED STATES ENVIRONMENTAL
PROTECTION AGENCY,

1200 Pennsylvania Ave., N.W.
Washington, D.C. 20460

and

LISA P. JACKSON, ADMINISTRATOR
UNITED STATES ENVIRONMENTAL
PROTECTION AGENCY

1200 Pennsylvania Ave., N.W.
Washington, D.C, 20460

Brma” Mo M M M M M M e M M S S S e e e et S S e N

Defendanis

DECLARATION OF JOAN HARRIGAN-FARRELLY

1. My name is Joan Harrigan-Farrelly and I am over eighteen years of age and am
competent to make this declaration. The facts herein are based on my own
personal knowledge and are true and correct to the best of my knowledge.

2. 1am Director of the Antimicrobials Division (*AD™) of the Office of Pesticides
Programs (*OPP”) in the Office of Chemical Safety and Pollution Prevention of
the United States Environmental Protection Agency (“EPA” or “the Agency™).

3. As AD Director, I am responsible for directing, managing and overseeing all of
the work done within the division.

4. I have been the Director of AD since September 29, 2008, Prior {0 becoming the
Director of AD, I was Director, Resource Management Division, Office of
Superfund Remediation and Technology Innovation within the Office of Solid
Waste and Emergency Response. Prior to that I was Branch Chief of the
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10.

11

12.

13.

Prevention Branch in the Office of Groundwater and Drinking Water within the
Office of Water.

I have held management positions within EPA since December, 2001 .

AD is one of nine divisions in OPP. Three of the divisions, including AD, are
charged with making registration decisions concerning pesticide product
applications.

AD’s responsibilities, among other things, include review and decision-making
concerning applications for pesticide product registrations or amendments to
existing pesticide registrations and other actions under the Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA), as well as actions under the Federal
Food, Drug, and Cosmetic Act (FFDCA) involving regulation of pesticide
residues in food and other food-related surfaces subject to EPA regulation.

AD is responsible for regulating the sale and distribution of antimicrobial
pesticides. There are 68 staff and managers in AD, with scientific and regulatory
expertise.

FIFRA is the statute governing the sale, distribution, and use of pesticides. In
order to be lawfully sold or distributed in the United States, FIFRA generally
requires that pesticide products be registered by the Agency.

Prior to granting approval for a pesticide registration, EPA must determine that
the subject pesticide product meets the applicable statutory standard for
registration. Among other things, the Agency must determine that the pesticide
product will perform its function without causing unreasonable adverse effects on
human health or the environment.

In support of an application for registration or amendment, EPA, pursuant to
FIFRA and its regulations, requires that applicants submit or cite data and other
information that the Agency reviews and assesses in making its registration
decision.

In general, antimicrobial pesticides include products which make claims to
disinfect, sanitize, reduce, or mitigate the growth or development of
microbiological organisms; or protect inanimate objects, industrial processes or
systems from contamination, fouling, or deteriorating caused by bacteria, viruses,
fungi, protozoa, algae, or slime.

Products, including the unregistered Nalco products at issue in the instant
proceeding, used as biocides as part of a biocidal system to control slime build up
in water used in the production of pulp and paper board are included among the
antimicrobial pesticides regulated under FIFRA and fall within the jurisdiction of

AD.
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14. On Qctober 25, 2007, the Agency first received a formal inquiry on behalf of
Nalco concerning use of ammonia (but not urea) in conjunction with sodium
hypochlorite in water. The formal inquiry was in an October 25, 2007 letter from
Seth Goldberg, an attorney with Steptoe and Johnson, to Frank Sanders who was
then AD Division Director. In the letter, Goldberg asked about the status of
ammonia use in combination with sodium hypochlorite in water under FIFRA.

15. Goldberg did not make any mention whatsoever of urea in his October 25, 2007
letter to Frank Sanders.

16. On Qctober 30, 2007, and again on December 4, 2007, Nalco petitioned the
Agency asking that it reconsider — in essence, cancel — the ammonia registrations
that it had issued to two of Nalca’s competitors, Ashland and Buckman.

17. The October 23, 2007 Goldberg inquiry and the December 2007 Nalco petition
requesting that the Agency reconsider ammonia registrations led to 4 February 7,
2008 Agency response in the form of a letter from Frank Sanders, then AD
Division Director, to Goldberg. In the letter, Sanders set forth the status of the
Agency’s consideration of the ammonia issue under FIFRA and the Agency’s
plans for its further consideration and resolution. Sanders also provided in that
letter the Agency’s view of how ammonia sold or distributed for use in
connection with chlorine fo treat water related to FIFRA in the absence of any
pesticidal claims being made for such products: “Until EPA makes a decision on
the petition, the Office of Pesticide Programs would regard Nalco’s sale and
distribution of ammeonia and ammonia products for use in connection with
chlorine to treat water to require registration under FIFRA Section 3 only if Nalco
makes a pesticidal claim for such products.”

18. In February 02010, AD held a meeting with Nalco, Ashland and Buckman, to
discuss the competing petitions filed by the companies challenging the need for
registration of ammonia and urea as pesticides (Nalco}, and petitioning EPA to
stop Nalco from marketing their ammonia and urea products {(Ashland and
Buckman), There was a stenographer at the meeting, and the transcript was
subsequently posted to the ammonia/urea docket (EPA Docket ID No. EPA-HQ-
2009-1005) established for these petitions.

19, In May, 2016, the Agency opened a public docket to take public comment on
whether or not ammonia and urea products for the pulp and paper use should be
required to be registered as pesticides. The petitions filed by Nalco, Ashland, and
Buckman were among the documents that the public was invited to comment
upon. The comment peried was initially opened for 60 days and then extended
for another 60 days.

20. On December 16, 2010, after reviewing all the public comments and undertaking
a comprehensive review of the information submitted by the Petitioners, the
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21,

22,

23.

24.

26.

27.

28.

29,

Agency made a determination that ammonia and urea, when used as biocides to
control microbial growth in paper production equipment and processes, were
pesticides and needed to be registered under FIFRA.

On December 16, 2010, the Agency sent & letter to Nalco, Ashland, and Buckman
notifying them of the Agency’s determination and informing Nalco that they
needed to register their ammonia and urea products as pesticides. In general, only
products which have been registered by EPA and which bear, among other things,
valid EPA registration numbers and approved use directions may be sold or
distributed as pesticides in the United States.

On December 23, 2010, Nalco submitted applications to EPA for FIFRA pesticide
product registrations for three products—two containing urea and one containing
ammonia. All three products are intended to control microbial growth in paper
production equipment and processes.

Prior to Nalco filing its subject applications for registration, the Agency was
aware of Nalco selling and distributing one ammonia product and one urea
product—neither of which were or are registered. Nalco included in its submitted
applications an additional urea preduct of which the Agency, at least prior to the
application submission and its initial review was previously unaware and which
was not and is not yet registered.

Nalco, prior to December 23, 2010, did not seek antimicrobial pesticide product
registrations for any of its products containing either urea or ammonia as the
active ingredient. At no time, up to and including the present, has Nalco held any
FIFRA registrations for antimicrobial pesticide products containing either urea or
ammenia as an active ingredient.

. On December 29, 2011, the Office of Enforcement and Compliance Assurance,

issued Nalce a Section 13 Stop Sale, Use or Removal Order.

On Januaty 5, 2011, after the initial screening by the Information Technology and
Resources Management Division, the three Nalco applications for pesticide
registration were sent to AD Product Team 31.

The first step in processing an application for pesticide registration once it has
been assigned to a Product Team is determining a review code and review time
under the Pesticide Registration Improvement Act of 2007 (“PRIA™),

PRIA amended FIFRA and governs in general the time lines for pesticide
application processing and review, including, but not limited to, those relating to
certain antimicrobial pesticide product applications.

Nalco proposed a PRIA code of A420 in their application, which is a new active
ingredient, non-food use. The Agency assigned a PRIA Code of A380, whichisa
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30,

31.

32.

33.

34,

33.

36.

new active ingredient, food use code, which means a tolerance or tolerance
exemption under the FFDCA is required. Therefore, the PRIA deadline for
Nalco’s products of January 13, 2013 is based upon a PRIA review start date of
January 13, 2011, The PRIA review start date is determined by the date of receipt
of the application by the Agency plus 21 days.

On January 5, 2011 Nalco was informed that the PRIA codes assigned to their
applications were A380 and A380.1. The PRIA code A380.1 was subsequently
changed to A 380.0 and Nalco was notified of the change on January 7, 201 1.

On January 10, 2011, Nalco requested a discretionary refund due to the difference
in the PRIA codes. Nalco had requested an A420 and the Agency assigned an
A380. The A380 is a higher cost than the A420. In their rationale, Nalco said that
the Agency had already reviewed ammonia and had done a tolerance re-
assessment on urea, therefore they believed that the burden would not be as great
on the Agency. Nalco also inquired as to the timeline for review and decision.
The Agency had previously, on January 5, 2011, addressed the coding issues
raised by Nalco and addressed the refund request by changing the codes and
deciding to refund a portion of the fee. The PRIA deadline was unaffected.

In another step taken in the pesticide registration application review process, on
February 2, 2011, the Agency published a Federal Register Notice that announced
the receipt of the three Nalco applications and indicated that they were
applications for registration of two new active ingredients to treat water used in
the manufacture of pulp and paperboard. The following dockets were established
for the applications: EPA-HQ-OPP-2011-0019 for ammonia; and EPA-HQ-OPP-
2011-0020 for urea.

The application packages for the three Nalco products each included: EPA Form
8570, the Confidential Statement of Formula, Certification with Respect to Data
Citation, a Data Matrix, Labels and Data.

AD continues its review and assessment of the three subject Nalco applications.

Significant tasks still need to be completed prior to action on the registration
applications. Among other things, AD’s Risk Assessment Science Support
Branch needs to complete a risk assessment; proposed decision documents must
be drafted; public comments must be solicited on the proposed decisions; and
final decisions on the applications must be written and issued.

AD has requested additional infortation or data from Nalco to support its three
applications for ammonia and urea product registrations and has engaged in back-
and-forth exchanges with the company on more than 22 occasions since the
review of the Nalce applications began.
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37.

38.

39.

40.

41,

42,

On more than one occasion, Nalco has inquired as to the status of the AD’s
review of the applications and the expected decision date or timeline for
completion of review and the rendering of registration decisions.

At no time during the review process has AD reported to Nalco that a decision
was “just a few weeks away.” On the same day that Nalco submitted its
applications for registration of the three subject products, and in response to an
email from Seth Goldberg in which he said “Naico sincerely hopes you will do
your best to expedite the processing of these applications,” I replied by email with
the following: “AD will work as expeditiously as possible to review and make its
decision concerning the Nalco application.” Subsequently, the Agency did
commit to Nalco and to members of Congress that the Agency would work to
expedite the registration process, and complete a review by early summer of 2011,

1 do not know nor have I ever spoken with either Mr. Asirur Rahman or Mr.
Michael Ancona (Nalco employees who submitted declaratious in this matter)
and I do not believe that AD has had any communications with either person.
Therefore I am not aware of any commitments made to these two gentlemen by
me or members of my staff concerning the Nalco applications.

At no time before or during the application review process has Nalco cited or
referenced any statutory provision in reference to its requests that the Agency
expedite consideration of its ammonia and urea applications.

The only official and specific date relayed by AD to Nalco for completion of the
review and decision process for the Nalco applications for registration is January
13, 2013, which is the PRIA deadline applicable to these registration applications.

Recently, in response to a request by the AD, Nalco submitted an April 14, 2011
letter from Dr. Francis Lin, Director of the Division of Food Contact Notifications
of the Office of Food Additive Safety of the Center for Food Safety and Applied
Nutrition of the U.S. Food and Drug Administration (FDA). The letter was
needed to confirm that FDA had no concerns with residues of chlorourea that
might be formed during the manufacturing process of pulp and paper board that
may come in contact with food. We asked for the same documentation for the
ammonia registration of the Buckman product.

. The FDA letter reflects FDA’s opinion concerning the limited issues addressed by

the letter and does not reflect either approval by FDA of Nalco’s urea products for
any reason or under any statute. The letter does not represent any finding that the
products warrant registration under FIFRA, but instead is but one additional piece
of information which will be considered by AD when reaching decisions on the
product applications. This particular letter relates only to use of urea and does not
address ammeonia or Nalco’s ammonia product.

124



44, The registration applications for urea and ammonia products present different
issues for consideration. AD previously reviewed applications for ammonia
registrations for the same use being sought by Nalco when it reviewed other
applicants’ registration application packages, such as Buckman’s, for similar
ammonia products. On the other hand, Nalco’s urea product application
represents the first time AD has received an application for urea for this use or for
any antimicrobial urea use. Hence, there was no prior risk assessment concerning

this use of urea.

1 heteby declare and affirm, subject to the penalties of perjury, that the foregoing
statements are true and correct.

DATE /74/;.2 7/ Lo/,

SIGNEJ /)2
i

Joan Hamgan-F arrclly
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to:

Melba Morrow

Page 1 of 2

1706-EUN sensitization citation
Mann, Juliana

04/26/2011 02:15 PM

Ce:

Dennis Edwards, Tracy Lantz

Hide Details

From: "Mann, Juliana" <JMann@steptoe.com>

To: Melba Morrow/DC/USEPA/US@EPA

Cc: Dennis Edwards/DC/AUSEPA/US@EPA, Tracy Lantz/DC/USEPA/US@EPA

2 Atta_?hments

T

image002 prg IUCL{Da;;()nia.pdf

Hi Melba,

Please find attached an IUCLID document for anhydrous ammonia. The document contains information identifying the chemical as a
non-sensitizer. Please see p. 90/{60 for the following information:

5.3 Sensitization

Type:
Spacies:
Number of
Animals:
Vehicle:
Hesult:
Classlfication:
Method:
Year:
Test pubstance:
Remark:

Source:

file://C:\Documents and Settingsitlantz\Local Settings\ Tempinotes87944B\~web2347 him

Open epicutaneous test
guinea pig

not sensitizing

other: BASF-Test

GLE: no
as prescribed by 1.1 - 1.4
The test substance used was agecus NH4O0H (maximum 20%).
Although a 20% solution caused severe necrosis after
repeated dermal induction of the back (challenge). No sign
of gensitization was observed when the same concentration
was once applied to the other previously untreated back
side of the animal. No data with NH3 on animals are
avalilable as it i1s a gas at ambient room temperature and
pressure.
BASF ACG TLudwigshafen

{165)
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Page 2 of 2

Please confirm that the information is acceptable. I you have any questions or need any additional information please give me a call or
email me. | will get back to you promptly.

Thank you,
Juli

Juil Mann | Regulatory Analyst | Stegtoe & Johnson LLP }1330 Connetticut Avenue, NW | Washington, DC 20036-1785 | Phane: 302-429-3095 | Fax; 202-43%-3902 |
imann@stepe.com

Fhis email may contain intoration that is privileged, configentlal, or oth protected trom disch 0. |tyou have received this email in error, do not copy, distribute, sauc or othorwiso use, Pleaso

notdy the sender immediately atjmannidsteptoe.com.
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Re: 1706-EUN - Draft expanded justification for sensitization waiver [
Tracy Lantz to: Mann, Juliana 04/25/20% t 04:34 PM

| do not know at this time if this wilf be considered acceptabie.

Vs
z},% Laets™

Tracy Lantz

Regulatory Team 31

Antirnicroblals Division

U. 8. Environmental Protection Agency
Phone: (703} 3086415

FAX: (703)308-8481

"Mann, Juliana” We expanded the justification document for the... 04/25/2011 04:20:22 PM
From: "Mann, Juliana" <JMann@steptoe.com>
To: Tracy Lantz/DC/USEPA/US@EPA, Meiba Morrow/DC/USEPA/US@EPA
Co: Dennis Edwards/DC/USEPA/US@EPA
Date: 04/25/20t1 04:20 PM
Subject: t706-EUN - Draft expanded justification for sensitization waiver

We expanded the justification document for the sensitization waiver. Will the attached
document provide enough information for the waiver? If it's acceptable, I'll finalize the
document.

Thank you,

Jul

Juili Mann | Regulatory Analyst | Steptoe & Johnson LEP |1330 Connecticut Avenue, NW | Washington, DC
20036-1795 | Phone: 202-429-3095 | Fax: 202-429-3902 | jmann@steptoe.com

This email may contain information that is privileged, confidential, or otherwise protected from disclosure. If you have received this
email in error, do not copy, distribute, save or olhenvise use. Please nolify the sender immediately at imann@steptoe.com.

4-25-201 t Naico 60620 sensitization potential.doc
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Page 1 of 1

1706-EUN - Draft expanded justification for sensitization waiver
Mann, Juliana

{0:

Tracy Lantz, Melba Morrow

04/25/2011 04:20 PM

Ce:

Dennis Edwards

Hide Details

From: "Mann, Juliana" <JMann@steptoe.com>

To: Tracy Lantz/DC/USEPA/US@EPA, Melba Morrow/DC/USEPA/US@EPA

Cc: Dennis Edwards/DC/USEPA/US@EPA

History: This message has been replied to and forwarded.

1 Attachment

4.25-2011 Nalco 60620 sensitization potential.dec

We expanded the justification document for the sensitization waiver. Will the attached document
provide enough information for the waiver? If it's acceptabie, I'll finalize the document.

Thank you,
Juli

Juli Mann | Regulatory Analyst | Steptoe & Johnson LLP [1330 Connecticut Avenue, NW | Washington, DC 20036-1795 | Phone;
202-429-30%95 | Fax: 202-429-3902 | imann@steptoe.com

This email may contain information that is privileged, confidential, or othenwise protected from disclosure. If you have received this email in error, do not
copy, distribuie, save or otherwise use. Please notify the sender immediately at jmann@steptoe.com.

129
file://C:\Documents and Settings\tlantz\L.ocal Settings\Temp\notes87944B\~web2465.htm 8/9/2011



There is no study known that explicitly determines the potential for ammonium sulfate to be a
skin sensitizer, However, the weight of evidence and the use of scientific judgement allow a
determination to be made that ammonium sulfate is not a skin sensitizer.

OECD provides a framework for determination of sensitization (OECD 2001, pages 39-43). For
a compound to be identified as a sensitizer, OECD identifies that the criteria are:

o if there is evidence in humans that the substance can induce sensitisation by
skin contact in a substantial number of persons, or
e where there are positive results from an appropriate animal test.

Positive evidence includes any or all of the following:

e Positive data from patch testing, normally obtained in more than one
dermatology clinic.

e [Epidemiological studies showing allergic contact dermatitis caused by the
substance. Situations in which a high proportion of those exposed exhibit
characteristic symptoms are to be looked at with special concern, even 1f the
number of cases is small. '

o Positive data from appropriate animal studies.

e Positive data from experimental studies in man.

o Well documented episodes of allergic contact dermatitis, normally obtained in
more than one dermatology clinic

If a compound does not meet the above criteria, then it can be considered as a non-sensitizer,

Ammonium sulfate is a broadly used fertilizer material, with no known reported incidents of skin
sensitization. It is used as a pesticidal adjuvant for crop uses. It also is broadly used as a food
additive and for numerous other nonpesticidal uses. There is no evidence or reports of skin
sensitization associated with any of its uses.

In addition, data from structural analogs can be considered. In its tolerance reassessment of
mineral acids and salts (REF), EPA evaluated the following compounds together, based on the
sulfur component:

Sulfuric acid
Ammonium sulfate
Ferric sulfate
Magnesium sulfate
Potassium sulfate
Sodium sulfate
Sodium bisuifate
Zing sulfate

EPA also identifies that calcium sulfate was reassessed previously and assigned to Inert Group
4A. Inno case was any evidence of or concern for dermal sensitization identified.
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Given the compound’s structure, its broad and extensive use, and what is known about similar
compounds, the weight of evidence would support that ammonium sulfate is not a sensitizer.

Ref:
OECD. 2001. OECD Series on Testing and Assessment. Number 33. Harmonised integrated
classification system for human health and environmental hazards of chemical substances and

mixtures. ENV/IM/MONO(2001)6.
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1 483408-08
Nalco Co.
N2010-AT. page 1
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Nalco 60620 i

Acute Toxicity

Data Requirement

OPPTS 870.1100 Acute Oral Toxicity
OFPTS 870.1200 Acute Dermal Toxicity
OFPTS 870.1300 Acute Inhalation Toxicity
OPPTS 870.2400 Eye Irritation
OPPTS 870.2500 Skin Irritation
OPPTS 870.2600 Skin Sensitization

Author

E.A. Brown, Ph.D.
Steptoe & Johnson, LLC
1330 Connecticut Avenune, NW
Washington, DC 20036
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Nalce Corpany
1601 West Diehl
Naperville, IL. 60563

Study Completion Date
December 20, 2010

Report Number
N2010-AT
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Nalco Co.
N2010-AT. page 2

Statement of Data Confidentiality

No information is claimed confidential on the basis of its falling with in the scope of FIFRA

§10(d)(1X(A), (B), or (C).

Company: Naico Company

Submitter Name: Juliana Mann
Steptoe & Johnson, LLP
Authorized Agent for Naico Company

Signed: mﬂ/bml\.

Date:
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Nalco Co.
N2010-AT. page3

Good Laboratory Practices Statement

This paper, titled “Nalce 60620: Acute Toxicity” is a discussion and presentation of information. No
data are being submitted that are subject to Good Laboratory Practice Standards (40 CFR Part 160).

Author: .
ejpscers dps nocsmt Date: 12-20-2010
Elizabeth Anne Brown, Ph.D.
Steptoe & Johnson, LLP

Submitter: Date: 1/20/1

liana Mann
Steptoe & Johnson, LLP

Sponsor: M‘W Date: I@/ﬁoﬁ»of 0
L

inda Fane
Nalce Company
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Nalco Co.
N2010-AT. page 4

Agency policy, as stated in OPPTS 870.1000, strongly recommends reliance upon data from similar
products, wherever available, in order to minimize the need for animal testing for acute effects. In
such cases, classification is extrapoliated from the already-tested product. The reliance upon existing
data also is a strongly recornmended approach for hazard classification on an international basis
(OECD 2001).

The purpose of this paper is to support reliance upon existing data for the hazard classification of
Nalco 60620, containing 20% ammonium sulfate (CAS RN 7783-20-2). The hazard classification for
Nalco 60620 can be determined based on published literature and prior evaluations of this compound
by various agencies,

Nalco 60620 is ammonium sulfate in an aqueous solution. The components dissociate in aqueous
solution but the compound also can be produced in the anhydrous form.

+
o o~ NH;
‘Q\S/
/
0 /4 \0_ NH}

US EPA has grouped the salts of mineral acids with the mineral acids in its assessment of these
compounds for use as inert ingredients for the purposes of tolerance reassessment {see OPP-2002-
0162-0170). In addition, additional information on ammonium sulfate, which also is a well-known
fertilizer compound, can be used to establish the hazard classification for Nalco 60620.

OECD provides the following acute toxicity information:
In aqueous media, ammonium sulfate dissociates in the ammonium and sulfate ions (NH4 +,
504 2-). These can be taken up into the body by the oral and respiratory routes. Absorbed
ammonium is transported (o the liver and there metabolised o urea and excreted via the
kidneys. Ammonium is also an endogenous substance that serves a major role in the
maintenance of the acid-base balance. Minor amounts of ammonium nitrogen are
incorporated in the physiological N-pool. Sulfate is a normal intermediate in the metabolism
of endogenous sulfur compounds, and is excreted unchanged or in conjugated form in urine.

Ammonium sulfate is of relatively low acute toxicity (LDS50, oral, rat: 2000 - 4250 mg/kg bw;
LD50 dermal, ratymouse > 2000 mg/kg bw; 8-h LC50, inhalation, rat > 1000 mg/m3).
Clinical signs after oral exposure included staggering, prostration, apathy, and laboured and
irregular breathing immediately after dosing at doses near to or exceeding the LD50 value. In
humans, ihalation exposure to 0.1 - 0.5 mg ammonium sulfate/r? aerosol for two to four
hours produced no pulmonary effects. At I mg ammonium suifate/m3 very slight pulmonary
effects in the form of a decrease in expiratory flow, in pulmonary flow resistance and
dynamic lung compliance were found in healthy volunteers after acute exposure.

Neat ammonium sulfate was not imritating to the skin and eyes of rabbits. There is no data on
sensitisation available,
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Nalco Co.
N2010-AT. page 5

The above information is consistent with EPA/OPF conclusions in its tolerance reassessment decision
for ammonium sulfate used as an inert ingredient in pesticide formulations. Nalco 60620 should be
classified overall as Toxicity Category I

OPPTS 870.1100 Acute Oral Toxicity

On the basis of the published literature and EPA/OPP assessments, Nalco 60620 should be classified
as Toxicity Category HI for acute oral toxicity,

OPPTS 870.1200 Acute Dermal Toxicity

On the basis of the published literature and EPA/OPP assessments, Nalco 60620 shouid be classified
as Toxicity Category I for acute dermal toxicity.

OPPTS 870.1300 Acute InhalationToxicity

On the basis of the published literature and EPA/OPP assessments, Nalco 60620 should be classified
as Toxicity Category IV for acute inhalation toxicity.

OPPTS 870.2400 Eye Irritation

On the basis of the published literature and EPA/OPP assessments, Nalco 60620 shouid be classified
as Toxicity Category IV for eya irritation.

OPPTS 870.2500 Dermal Irritation

On the basis of the published literature and EPA/OPP assessments, Nalco 60620 should be classified
as Toxicity Category IV for dermal irritation.

OPPTS 870.2600 Skin Sensitization

Whiie there is no specific data to evaluate skin sensitization, there is no evidence in wide and long
terin use of this specific compound for multiple purposes, including as a fertilizer, of any evidence of
sensitization. Further, neither ammonia nor sulfuric acid are considered to be sensitizers. As these
are the only components in Nalco 60620, as dissociated ammonium sulfate in aqueous solution, there
is no reason to assume any change. As such, Nalco requests that Nalco 60620 be classified as a
nonsensitiver and a waiver granted from conducting a specific test.

References:
OECD. 2001. OECD Series on Testing and Assessment. Number 33, Harmonised integrated
classification system for human health and environmental hazards of chemical substances and

mixtures. ENV/IM/MONO(2001)6.

OECD. 2006, SIDS Initial Assessment Report. Ammonium Sulfate, UNEP Publications.
http:/fvrww.inchem.org/documents/sids/sids/7783202. pdf (viewed on 12/20/2010)
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RE: Additional information sent in for review for Nalco
Mann, Jufiana to; Tracy Lantz 04/25/2011 03:59 PM

This message ha

Yes, it went in Friday. I spoke with Theresa Downs this morning and she
confirmed receipt. She estimated that i1t would take about a week to complete

the 86-5 review.
Juli

wwwww Original Message-----

From: Lantez.Tracy@epamall .epa.gov [mallto:Lantz.Tracy@epamail .epa.gov)]
Sent: Monday, April 25, 2011 3:57 PM

To: Mann, Juliana

Subject: Fw: Additional information sent in for review for Nalco

Has this information bkeen sent to the Agency?
(Bmbedded image moved to file: pic07288.3pg)

~~~~~ Forwarded by Tracy Lantz/DC/USEPA/US on 04/25/2011 03:55 PM ~~---

From: Tracy Lantz/DC/USEPA/US

To: "Mann, Juliana" <JMann@steptoe.com»

ce: Velma Noble/DC/USEPA/US@EPA

Date: 04/18/2011 0B:09 PM

Subject: Additional information sent in for review for Nalco

Dennis Fdwards has indicated to me that two packages were delivered to the
Agency on Friday for review in conjunction with the Nalco applications.
Dennis has also indicated to wme that the information in the first package
needs to be reformatted as per PR Notice B6-5 and submitted again so that an
MRID can be assigned. Please send in this revised information as soon a

possible.

Thanks,
(Embedded image moved to file: pic02382.7pg)
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RE: Acute Tox data citations for 1706-EUN Ammonium Sulfate
Mann, Juliana to: Tracy Laniz 0472572011 01:58 PM

3 attachments

Cc: DPennis Edwards, Melba Morrow
i

L_Wivg" Lo

CECD.SIDS Initial Assessment. Ammonium sulfate.pdfQECD.2001. ENV_JM_MONQ{2001)6.pdf

Tracy,

Please find attached the OECD SIDS Initilal Assezsment on Ammonium Sulfate. We
referenced this document and discussed it in the acute toxicity document
submitted with the registration package. The document was assigned MRID
number 483408-05.

I have also attached the IIFG Tolerance Reassesgsment Decision Document for
Mineral Acids and their Salts on which we are alsoc relying.

I have also attached a second OECD document that was referenced in the acute
toxicity document, HARMONISED INTEGRATED CLASSIFICATION SYSTEM FOR HUMAN
HEALTH AND ENVIRONMENTAL HARARDS OF CHEMICAL SUBSTANCES AND MIXTURES.

I believe this will satisfy any outstanding issues. If you have any guestions
are require additiconal information please give me call at 202-429-3085 ox
email me.

Thank you,
Juli

Juli Mann | Regulatory Analyst | Steptoe & Johmson LLP [1330 Connecticut
Avenue, NW | Washington, DC 20036-1795 | Phone: 202-429-3085 | Pax:
202-429-3902 | jmann@steptoe.com

This email may contain information that is privileged, confidential, ox
otherwise protected from disclosure. If you have received this emalil in error,
do not copy, distribute, save or otherwise use. Please notify the sender
immediately at jmann@steptoe.com.

~~~~~ Original Message-----

From: Lantz.Tracyeepamall.epa.gov [mailto:Lantz.Tracy@epamall.epa.gov]
Sent: Monday, April 25, 2011 10:08 AM

To: Mann, Jullana

Cc: Edwards.Dennis®epamail.epa.gov; Morrow.Melba@epawall. epa.gov
Subject: Acute Tox data citations for 1706-EUN Ammonium Sulfate

We need some additional data ciltations for ammonia or ammonium sulfate.

Since you have indicated that vou do not intend to compensate Buckman for
their data, other citations are needed which can support the acute toxicity
for this product.

You may provide specific citations from open literature or ¢ite specific
studies by MRID. If you do not own the studies which have received an MRID
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you may provide a permission letter for the citation or you may offer to
compensate the company who owns the data.

Are there any OECD citations for either ammonia or ammonium sulfate? If so,
please provide details to the Agency.

Please provide this information tfto us as soon as possible so that we can
finalize the acute tox review for this product,.
Please cc Dennls Edwards and Melba Morrow on your response.

Thanks
{(Embedded image moved to file: pic299%22.1ipg)
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About the OECD

The Organisation for Economic Co-operation and Devclopment (OECD) is an
intergovernmental organisation in which representatives of 29 industrialised comntries in North
America, Europe and the Pacific, as well as the Furopean Commission, meet to co-ordinate and
hannenisc policies, discuss issues of mutual concern, and work together to respond to international
problems. Most of the QECD’ work is carried out by more than 200 specialised Committces and
subsidiary groups composed of Member country delegates. Observers fiom several countries with
special status at the OECD, and from interested intemational organisations, attend many of the
OECD% Workshops and other meetings, Committees and subsidiary groups are served by the
OECD Secretariat, located in Paris, France, which is organised into Directorates and Divisions.

The work of the OECD related to chemical safety is carried out in the Environment,
Health and Safety Programme. As part of its work on cheinical testing, the OECD has issued
several Council Decisions and Recoimnendations {the former legally binding on Member countries),
as well as numerous Guidance Documents and technical reports. The best known of these
publications, the QECD Test Guidelines, is a collection of methods used to assess the hazards of
chemicals and of chemical preparations. These methods cover tests for physical and chemical
properties, effects on human health and wildlife, and accumulation and degradation in the
enviromment. The OECD Test Guidelines are recognised world-wide as tlie standard reference tool
for chemical testing.

More information about the Environment, Health and Safety Programme and its
publications {including the Test Guidelines) is available on the OECTY's World Wide Web site (see

page 8).

The Environment, Health and Safety Programme co-operates closely with other
intemational organisations. This document was produced within the framework of the Inter-
Organisation Programme for the Sound Management of Chemicals (10MC).

The Inter-Organization Programme for the Sound Management of Chesmicals
(IOMC) was established in 1995 by UNEP, ILO, FAO, WHO, UNIDO and the
OLECD (the Participating Organisations), following recommendations made by the
1992 UN Conference on Envirenment and Development to strengthen co-operation
and increase international co-ordination in the field of chemical safety. UNITAR
joined the IOMC in 1997 to become the seventh Participating Organisation. The
purpose of the TIOMC is to promote co-ordination of the policies and activities
pursued by the Participating Organisations, jointly or separately, to achieve the
sound management of chemicals in relation t¢ human health and the environment,
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This publication is available electronically, at no charge.

For the complete text of this and many other Environment,
Health and Safety publications, consult the OECD’s
World Wide Web site (http://www.oecd.org/ehs/)

or contact:

OECD Environment Directorate,
Environment, Health and Safety Division

2 rue André-Pascal
75775 Paris Cedex 16
France

Fax: (33-1) 4524 16 75

E-mail: ehscont@oecd.org
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1. The production and use of chemicals is fundamental in the economic development of all
countries and, at thie same time, it may pose a risk to the health and well-being of all people and the
environment if not managed in a responsible manner. The primary objective of hazard classification
and communication systems is to provide inforination to protect liuman health and the environment,

2. Onc cssential step leading to the safe use of chemicals is the identification of the specific
hazards and the organisation of that information so that it can be conveyed to users of chemicals ina
form that is easy to understand. Measures can then be taken to avoid or manage potential risks in
circumstances where exposure may occur. This is the fundamental rationale behind the liazard
classification and labelling of chemicals. It has traditionally led at the national level to sector-
specific regulations (transport, industry, environment, licalth, agriculture, consumer products,
occupational health). Because of differences in use and exposure, hazard classification systems
usually vary between sectors. In sonie cases, there is little or no consistency within sectors between
different countries.

3. In 1952, the mternational Labor Office (IL.O) began a study of the classification and
labelling of dangerous substances whicliled in 1989 to a Resolution considering the harmonisation
of systems of classification and labelling for the use of hazardous chemicals at work.

4, In 1953, the UN Economic and Social Council created the UN Committec of Experts on
the Transport of Dangerous Goods {UNCETD() charged with developing recommendations
addressed to governments and international organisations coucerned with the regulation of the
transportation of dangercus goods; amongst other aspects, these recommendations cover tlie
principles of classification and definitions of the categories of dangerous goods. In 1956, the
UNCETDG first published its UN Recommendations on Transport of Dangerous Goods
(UNRTD@G) which were recently modified {1999) for the eleventh time. The UNRTDS are now
included in the transport legislation of many UN states and they are used by the International
Maritime Qrganisation (IMQO), the International Civil Aviation Organisation (ICAQ) and other
intemational bodies covering transport modes. Thus land-sea-air transport is the only sector where
harmonisation of hazard classification and labelling has been to a large degree achieved.

S The UN Conference on Environment and Pevelopnent (UNCED) in 1992 identified the
harmonisation of ¢lassification and labelling of chemicals as one of six action programs in Chapter
XIX of UNCED Agenda 21. Its ohjective was: “a globally harmonised hazard classification and
compatible labelling system (GHS) including material safety data sheets and easily understandable
symbols, should be available, if feasible, by the year 2000.” It was recognised that, while a
harmonised classification system might be feasible, harmonised labelling may or may not be
appropriate or possible across all sectors, but that compatibility of labelling systems might be
achievable.

6. UNCED identified the International Program on Chemical Safety (IPCS) as the nucleus

for international co-operation on Chapter XIX activities. Under the umbrella of IPCS a Co-
ordinating Group for the Harmonisation of Chemical Classification Systemns (CG/HCCS) was

12
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established to promote and oversee the work to develop a GHS. Later, the oversight of the work of
the CG/HCCS was provided by the broader Iter Organisational Programme for the Sound
Management of Chemicals - IOMC. As expressed in the CG/HCCS Terms of Reference, the poals
of international harmonisation are to:

- cnbance the protection of pcople and the environment by providing an
internationaily comprehensible system for hazard communication;

- provide a recognised framework for those countries without an existing syster;
- reduce the need for testing and evaluation of chemiicals;

- facilitate international trade in chemicals whose hazards have been properly
assesscd and identified on an international basis.

13
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7. The first priority of the CG/HCCS was the develepment of a harmonised classification
system defining the hazards of various endpoints of concern. The Organisation for Economic Co-
operation and Development (OECD) was identified as thie Focal Point for work on human health
and environmental hazards, ILO/UNCETDG as the Focal Point for work on physical hazards, and
ILO as the Focal Point for work on Hazard Communication. The CG/HCCS would integrate the
harmonised classification scheme with a harmonised hazard communication system to give an
overall Globally Harmonised Classification and labelling System (GHS),

The OECD Advisory Group on Harmenisation of Classification and Labelling (AG-HCL)

8. The AG-HCL was formally established in 1994 by the Joint Meeting of the OECD
Chemicals Group and Management Conunittee to develop proposals for a hanmonised classification
system for the hazards of chemicals to human health and the environment. It based its work on the
initial efforts of an OECD Clearing House (1991-1993) oa the Acute Human Toxicity and on the
Acute Aquatic Toxicity of chemicals.

9. In its work the AG-HCL followed a set of general principles developed by the
IOMC-GG/HCCS for the work on liarmonisation of the hazard classification of chesmicals, that
specifically:

a) the level of protection offered to workers, consumers, the general public and the
euvironmertt should not be reduced as a result of harmonising the classification and
labelling systems;

b) the hazard classification process refers only to the hazards arising from the intrinsic
propertics of chemical elements and compounds, and mixtures thereof, whether natural
or synthetic;

¢} harmonisation means establishing a commen and. ¢oherent basis for cheinical hazard
classification and communicatien, from which the appropriate elements relevant to
means of transport, consumer, worker and environment protection can be selected;

d) the scope of harmonisation includes both hazard classification criteria and hazard
commiunication tools, ¢.g. labelling and chemical safety data shecets;

e) changes in all existing systems will be required to ackieve a single globally
harmonised system; transitional measures should be included in the process of moving
to the new system;

f) the involvement of concerned intemational organisations of employers, workers,
consumers, and ether relevant organisations in the process of harmonisation should be
ensured;

g) the comprehension of chemical hazard information, by the target audience, e.g.
workers, consumers and the general public, should be addressed;

14
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i) test data already generated for the classification of chemicals under the existing
systems, should be accepted when reclassifying these chemicals under the harmonised
system;

i) a new harmonised classification system may require adaptation of existing methods
for testing of chemicals;

i) in relation to chemical liazard communication and the safety and health of workers,
consumers and the public in general should be ensured while protecting confidential
business information, as prescribed by the competent authorities.

The work of the AG-HCL was generally of three related kinds:

a) Comparison of the major classification systems, identification of similar or identical
clements and, for the clements which were dissimilar, development of a consensits on
a compromise;

b) Examination of the scientific basis for the criteria which define the end-peint of
concern, gaining expert consensus on the test methods, data interpretation and level of
concern, and then seeking consensus on the criteria. For some end-points, the existiug
sclientes had no criteria and the relevant criteria were developed by the AG-HCL;

¢) Wlere there was a decision-trce approach {e.g. kritation) or where there were
dependent criteria in the classification scheme (acute aquatic toxicity), development of
conscusus on thie process or the scheiue for using the criteria.

The AG-HCL procesded stepwise in developing its liurmonised classification criteria. For
each end-peint the following steps were undertaken:

Step [:

A thorough analysis of existing classification systems, including the scientific basis for the
system and ifs criteria, its rationale and explanation of the mode of use. A Step 1
document was prepared for a number of endpoints, as appropriate, and amended as
necessary after discussion by AG-HCL.

Step 2:

A proposal for a harmonised clagsification system and criteria for cach category was
developed. A Step 2 document was prepared and amended as necessary after discussion
by AG-HCL.

Step 3:

(8) AG-HCL reached consenstis on the revised Step 2 proposal; or

(b) After attempts at consensus building failed, the specific non-consensug items
were identificd as alteruatives in a revised Step 2 proposal.

Step 4:

Final proposal was submitted to the QECD Joint Mecting for approval and stbsequently to
the IOMC CG-HCCS for global implementation.

As expericnce with the nse of the system is accumulated, and as new scientific informatioun

emerges, the test methods, the interpretation of the test data and the harmonised criteria per se may
liave to be updated. Thus, international work will continue te be needed in the future and,
depending on the nature of the future international tistrument for the implementation of the GHS,
decisions will have to be wade on the mechauism for carrying ont the updating work in the future,

15
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Scope of the Harmonised Classification System

13. The work on harmonisation of hazard classification and labelling focuses on a harmonised
system for all chemicals and mixtures of chemicals. The application of the components of the
system may vary by type of product or stage of the life cycle.

14. The classification system applies to pure cheinical substances, their dilute selutions and to
mixturcs of cliemical substances. However, since special considerations are needed to classify
mixtures, a separate OECD Expert Group on Classification Criteria for Mixtures has addressed
harmonisation in this area.

15. One objective of the harmonised hazard elassification system is for it to be simple and
transparent with a clear distinction berween categories in order to allow for “self classification” as
far as possible. For many end-points the criteria are scmi-quantitative or qualitative and expert
judgement is required to interpret the data for classification purposes. Furthermore, for some
end-points, e.g. eye irritation, a decision tree approach is given as an example.

Presentation ef Criteria

16, The cwrent criteria for specific endpoints are presented as a series of chapters in this
paper. These chapters inelude a number of scetions all of which are relevant to classification
decisions. Some chapters also have an Appendix which, uniess clcarly indicated to the contrary, are
not part of the critcria and should be regarded as background information only. For one endpoint
(hazardous for the aquatic cnvironinent) a separate Guidance Document is considered essential for a
good understanding and use of the system.

Test Methods and Test Data Quality

7. The classification of a ehemical substance depends both on the criteria and on the
reliability of the test methods underpinning the criteria. In some cases the classification is
determined by a pass or fail of a speeific test, e.g. the ready biodegradation test, while in other eases,
interpretations are made from dosc/response curves and observations during testing. In all cases, the
test conditions nced to be standardised so that the results are reproducible with a given chemical
substance and the standardised test yields “valid” data for defining the end-point of concern. In this
context, validation is the process by which the reliability and the relevance of a procedure are
cstablished for a particular purpose,

18. Tests that determine bhazardous properties which are conducted according to
internationally recognised scientific principles ean be used for purposes of a hazard determination
for health and envirenmental hazards. The GHS criteria for determining health and environmental
hazards should be test method neutral, allowing different approaches as long as they are
scientifically sound and validated according to internationai procedures and criteria already referred
to in ¢xisting systems for thie endpeint of concern and produce mutually acceptable data.
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Previgusly Classified Chemicals

19, One of the general principles established by the IOMC-CG-HCCS states that test data
already generated for the classification of chemicals under the existing systems should be accepted
when classifying these chemicals under the harmonised system thereby avoiding duplicative testing
and the unnecessary use of test animals, This policy has important implications in those cases
where the criteria in the GHS are different from those in an existing system. In some cases, it may
be difficult to determine the quality of existing data from older studies. In such cases, expert
judgement will needed.

Substances Posing Special Problems

20. The effect of a substance on biological and environmental systems is influenced, inter afia,
by the physico chemical properties of the substance and the way in which it is biologically available.
Some groups of substances present special problems in this respect, for example some pelymers and
metals.

Animal Welfare

21. The welfare of experimental animals is a concern. This ethical concern includes not enly
the alleviation of stress and suffering but also, in some countries, the use and consumption per se of
test aiumals. Where possible and appropriate, tests and experiments that do not require the use of
live animals are preferred to those using sentient live ¢xperimental animals. To that end, for certain
end-points (skin and eye irrimation/corrosion) testing scheines  starting  with non-animal
observation/measurements are included as part of the classification system. For other endpoints
such as acute toxicity, altemative animal tests, using fewer animals or causing less suffering are
internationally accepted and should be preferred to the conventional LD30 test.

Evidence From Humans

22. For classification purposes, reliable epidemiological data and experience on the effects of
chemicals on humans (c.g. occupational data, data from accident data bages) should be taken into
account in the evaluation of human health hazards of a chemical. Festing on humans solely for
hazard identificarion purposes is generally not acceptable.

Weight of Evidence

23. For some hazard endpoints, classification results directly when the data satisfy the criteria.
For others, classification of a chemical is made on the basis of the total weight of evidence. This
means that all available information bearing on the determination of toxicity is considered together,
inchsding the results of valid in vitro tests, relevant animal data, and human cxperience such as
epidemiological and ¢linical studies and well-documented case reports and observations.

24, The quality and consistency of the dafa are important. Evaluation of substances related to
1he material under study should be included, as should site of action and mechanism or mode of
action study results. Both positive and negative results are assembled together in a single weight of
cvidence determination.

25. Positive cffects which are consistent with the criteria for classification in each chapier,

whether seen in humans or animals, will nonmally justify classification. Where cvidence is available
from both sources and there is a conflict between the findings, the quality and reliability of the

17
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evidence from both sources must be assessed in order to resolve the question for classification.
Generally, data of good quality and reliability in humans will have precedence over other data.
However, even well-designed and conducted epidemiological studies may lack sufficient numbers
of subjects to detect relatively rare but still significant effects, or to assess potentially confounding
factors. Positive results from well-conducted animal studies are not necessarily negated by the lack
of positive human experience but require an assessment of the robustness and quality of both the
human and animal data relative to the expected frequency of occurrence of effects and the impact of
potentially confounding factors.

26. Route of exposure, mechanistic information and metabolism studies are pertinent to
determining the relevance of an effect in humans. When such information raises doubt about
relevance in humans, a lower classification may be warranted, When it is clear that the mechanism
or mode of action is not relevant to humans, the substance should not be classified,

27. Both positive and negative results are assembled together in the weight of evidence

determination. However, a single positive study performed according to good scientific principles
and with statistically and biologically significant positive results may justify classification,

18
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28. At various times during the development of harmonised classification criteria, concerns
have arisen concerning the way a hiarmonised classification systern might be used and whether it
would meet the needs of its various end-users.

29, One of the consequences of the application of the classification system is expressed in the
OMC CG/HCCS General Prineiple (¢):

“harmonisation means establishing a common and coherent basis for cliemical hazard
classification and communication, from which the appropriate elements relevant 1o means
of transport, consumer, worker and environment protection can be selected.”

30, ki the following chapters, sufficient sub-categories have been included under some
endpoints to acconnmodate the fundamental needs of the existing systemns. The application of the
classification sclieme may vary according to the circumstances, type of product and stage of the life
cycle of the chemical.

31 it is esseutia] that the cut-offs be recognised as a fundamental basis for the harmonised
classification system. The use of different cut-offs for any use of the classification system would be
contrary to larmonisation.

19
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PURPOSE, BASIS AND APPLICABILITY

32. The purpose of this docnment is to present a harmonised system of ¢lassification for acute
toxicity by the oral, dermal, and inhalation roates to be used intemationally.

33, The basis for the harmonised criteria are those which are ewrrently in use in OECD
countries as well as those recommended by the United National Committee of Experts on the
Transport of Dangerous Goods {UNCETDG). Elements from these sources have been integrated so
as a to maintain a high level of protection under a globally harmonised system of classification.

34. The classification scheme inchided clerents that will be used by all authorities as well as
other categories that will be applied only by some { ¢.g. transport).

CLASSIFICATION CLASSES

35. Chemicals can be allocated to one of five toxicity categories based on acute toxicity by the
oral, dermal or inhalation route according to the numeric criteria expressed as (approximate) LD50
(oral, dermal) or LCS0 {inhalation) values are shown in the table below. Explanatory notes are
shown in italics following the table.

Table f: Acute toxieity hazard categories and {approximate) LDSG/LC56
values defining the respective categories.

Category | Category | Category | Category | Category 5
| 2 3 4
Oral (mgrkg) S 50 300 2000 5000
See detailed criteria
Dermal {mg/ke) 50 200 1000 2000
Gases {ppm) 100 500 2500 5000
sce: Note a
Vapours (mg/l) 0.5 2.0 10 20
see; Note a
Note b
Note ¢
Dusts and Mists (mg/l) | 0.05 0.5 1.0 3
see: Notca
Noted
21
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Notes:

a

Inhalation cut-off values in the table are based on 4 hour testing exposures. Conversion of
existing inhalotion toxicity data which has been generated according ta 1 hour exposures
shonld be by dividing by a factor of 2 for gases and vapourt and 4 for dusis and mists.

1t is recognised that saturated vapour concentration may be used as an odditional element by
some regulatory systems to provide for specific health ond sgfety protection. (e.g. UN
Reconmendations for the Transport of Dangeronr Goods).

For some chemicals the test atmosphere will not just be a vapour but will consist of a
mixture of liquid and vapour phases. For other chemicals the test atmorphere may consist of
a vapour whiclt is near the gaseous phase. In these latter cases, clavsification should be
based on ppm as Jollows: Category 1 (100 ppni), Category 2 (500 ppinj, Category 3 (2500
ppmy), Category 4 (3000 ppm). Work in the OECD Test Guidelines Programnie should be
undertaken to better define the terms “dusts”, “mists” and “vapomrs®™ in relation to
inhalation toxicity testing.

The values for dusts and mists should be reviewed to adapt to any future changes to QECD
Test Guidelines with rewpect 1o techuical limitation in generating, maintaining and
measuring dust and mist concentrations in respirable form.

CRITERIA FOR CATEGORY 5

3e.

Criteria for Category 5 are intended to enable the identification of substances which are of

relatively low acute toxicity hazard but which, under certain circumstances may present & danger to
vulnerable populations, These substances are anticipated to have an oral or dermal LD30 in the
range of 2000-5000 mg/kg or equivalent doses for other routes.

37

38,

The specific criteria for Category 5 are:
a) The substance is classified in this category if reliable evidence s already available that

indicates the LD350 or (LC50) to be in the range of Category 5 values or other animal
studies or toxic effects in hmuans indicate a concern for lnman licalth or an acnte naturc.

by The substance is classified in this category, through extrapolation, estimation or
measurcraent of data, if assighment to a more hazardous category is not warranted, and :

- reliable information is available indicating significant toxic effccts m humans; or

- any mortality is observed when tested up to Category 4 values by the oral,
inhalation, or dermal routes; or

- where expcrt judgement confirms significant clinical signs of toxicity, wlen tested
up to Category 4 values, except for diarrhoea, piloerection or an ungroomed
appearance, or

- where expert judgement confirms reliable information indicating the potential for
significant acute effects from otlier animal studies.

Recognising the need to protect animal welfare, testing in animals in Category 5 ranges is

discouraged and should only be considercd when there is a strong likelilicod that results of such a
test wonild have a direct relevance for protecting human health.
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RATIONALE FOR THE PROPOSED SYSTEM
General considerations

39. The harmoniscd classification system for acute toxicity has been developed in such a way
as to accormmodate the needs of existing systems. A basic principle set by the IOMC CG/HCCS is
that "harmonisation Inecans establisling a common and cohecrent basis for chemical hazard
classification and communication from which the appropriate elements relevant to means of
transport, consumer, worker and environment protection can be selected.” To that end, five
categories have been included in the acute toxicity scheine.

40. The preferred test specics for evaluation of acute toxicity by the oral and inhalation routes
is the rat, while the rat or rabbit are preferred for evaluation of acute dernal toxicity. As noted by
the CG/HCCS, "Test data already generated for the classification of chemicals under existing
systems should be accepted when reclassifying these chemicals under the harmonised system.”
When experimental data for acute toxicity are available in several animal species, scientific
Jjudgement should be used in selecting the most appropriate LD50 value from among valid, well-
performed tests,

41. Category 1, the highest toxicity category, has cut off vaiues of 5 mg/'kg by the oral route,
30 mg/kg by the dermal route, 100 ppin for gases or gascous vapours, 0.5 mg/l for vapours, and 0.05
mig/l for dusts and mists. These toxicity values are currently used primarily by the transport sector
for classification for packing groups.

42. Category 5 is for chemicals which are of relatively low acute toxicity but which, under
certain circumstances, may pose a hazard to especially vulnerable populations. Criteria for
identifying substances in Category 5 are provided in addition to the table. Thesc substances are
anticipated to have an oral or dermmal LB50 value in the range 2000 - 5000 mng/kg or equivalent
doses for other routes of exposure, In light of animal welfare considerations, testing in animals in
Category 5 ranges is discouraged and should culy be considered when there is a strong likelihood
that results of such testing would have a direct relevance for protecting human health.

Speeial censiderations for inhalation toxicity

43. Values for inhalation toxicity are based on 4 hour tests in laboratory animals. When
experimental valucs are taken froin tests using a | liour cxposure, they can be converted to a 4 hour
cquivalent by dividing the 1 hour value by a factor of 2 for gascs and vapours and 4 for dusts and
mists.

44. Uuits for inhalation toxicity are a function of the fonn of the inhaled material. Valucs for
dusts and 1nists are expressed in mg/l. Values for gases are expressed in ppm. Acknowledging the
difficulties in testing vapours, some of which consist of mixtures of liquid and vapours phases, the
table provides valucs in mmits of mg/l. Hewever, for those vapours which arc near the gaseous
phase, classification should be based on ppm. As inhalation test methods are updated, the OECD
and other test guideline programs will need to define vapours in relation to mists for greater clarity.

45, Vapour inhalation valucs are intended for use in classification of acute liazard for all
scctors. It is also recognised that the saturated vapour concentration of a chemical is used by the
trangport sector as an additional elemeat it classifying chiemicals for packing groups.

46. Of particular importance is the use of well articulated values in the high toxicity categories
for dusts and mists. Inhaled particles between 1 and 4 microns mean mass aerodynarmie diametor
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(MMAD)} will deposit in all regions of the rat respiratory tract. This particle size range corresponds
to a maximum dose of about 2 mg/l. In order to achieve applicability of animal experiments to
human exposure, dusts and mists would ideally be tested in this range in rats. The cut off values in
the table for dusts and mists allow clear distinctions to be made for materials with a wide range of
toxicities measured under varying test conditions. The values for dusts and mists should be
reviewed in the future to adapt to any future changes in QECD or other test guidelines with respect
to technical limitations in generating, maintaining, and measuring dust and 1nist concentrations in
respirable form.
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EXECUTIVE SUMMARY

47. From a comparison of existing dermal imitation/corrosion classification procedures
currently in use, & harmonised systein was formlated. It includes an evaluation strategy of existing
information and speeific testing for dermal effects. In developing potential harmounised positions for
dermal irritation/corrosion testing, two objectives have been kept in mind: to define criteria for both
corrosion and irritation classification that are in the range of sensitivity of existing systems and to
have the possibility of subdividing effects into different subcategeries for those authorities that need
them.

48, A singic category is adopted for skin corrosion. Authorities wanting to have up to tliree
subcategories may subdivide the single corrosive category. These subcategories are modelled afier
those currently in use in the United Nations transport authority.

49, A single category is adopted for skin irritation. The classification procedurc draws upon
those currently employed by the European Union (EU). Erythema/eschar and oedera are graded
separately; an animal’s mean score from readings over the first three days after exposure ast meet
a defined level te be positive; and at least 2 of 3 tested animals must be positive for the test to be
positive. Positive responscs can also be obtained using other, less comunon criteria. The proportion
of test substances expected to be positive by thie proposed irritant category is within the range of
positives among existing classification systems; it is somewhat higher than that of some of the
current classification systems but below those of other systems. Authorities wanting to have two
hazard categories can use both irritant and 1nild irritant categories.

PURPOSE, BASIS AND APPLICABILITY

50, The purpose of the document is to present a harmonised system of classification for skin
irritation and corrosion that can be agreed upon and utilised inteniationally.

51 The harmonised classificatien system grew out of the major systems thiat are eurrently
employed. It is based on concepts alrcady in effect and does not deviate significantly from those
currently in usec.

52, The harmonised system for classificaticn of skin imitation and corrosion include elements
that are hanenised and will be used by all authorities as well as other categorics that will be applied
by only some authorities (e.g,., transport, pesticides).
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CLASSIFICATION CATEGORIES AND CRITEREA

53. The harmonised system includes guidance for the use of initial considerations, that is those
data clemcnts that arec cvaluated before animal testing for dermal corrosion and irtitation is
undertaken. It also includes hazard categories for corrosion and irritation.

Initial Considcrations

54. Scveral factors shouid be considered in determining tlie corrosion and irritation potential
of chemicals before testing is undertaken.  Existing hunian experience and data including from
single or repeated cxposure and animal obsecrvations and data should be the first line of analysis, as
it gives information directly referable to effects on the skin. In somce cases euough information may
be available fromi strueturally related compounds to make classification deeisions, Likewise, pH
exfremes like < 2 and > 11.5, may indicate dermal effects, especially when buffering capacity is
known, although the correlation is not perfect. Generally, such agents are expected to produce
significant effcets on the skin. ko also stands to rcason that if a chemical is highly toxic by the
dermal route, a dermal irrvitation/corrosion study may not be practicable since the amount of test
substance to be applied would considerably exceed the toxic dose and, consequently, would result in
the death of the aninials. When observations are made of dermal iritation/corresion in acute
toxicity studies and are observed up through the limit dose, additional testing would not be needed,
provided that the dilutions used and species tested are equivalent. /n vifro alternatives that have
been validated and accepted may also be used to help make classification decisions.

55. All the above information that is available on a chemical should be used in determining
the need for in vive dermal irtitation testing. Although information might be gained from the
evaluation of single parameters within a tier {e.g., caustic alkalies with exireme pH should be
considered as dermal corrosives), there is nierit in considering the totality of existing information
and making an overall weight of evidence determination. This is especially true when there is
information available on some but not all parameters. Generally, primary emphasis should be
placed upon existing human experience and data, followed by animal experience and testing data,
followed by other sources of information, but case-by-case deterniinations are necessary.

36. A tiered approach to thie evaluation of initial information should be considered, wlere
applicable (Figure 1), recognising that all elements may not be relevant in cerfain cases.

Cerrosion

57 A single harmoniscd corrosicn category is adopted using the results of animal testing, A
corrosive is a test material that produces destruction of skin tissue, namely, visible necrosis through
tlie epidermis and into the dermis) in > 1 of 3 tested animals afier exposure up 0 a 4 hour duration.
Corrosive reactions are typified by ulcers, bleeding, bloody scabs and, by the end of observation at
14 days, by discoloration due to blanching of the skin, complete areas of alopecia and scars.
Histopathology should be considered to discern questionable lesions.
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Figure 1. Tiered testing and evaluation of dermal corrosion and irritation petential

{see also the “Testing and evaluatien strategy for eye irritation/corrosion™)

Step

Parameter

Finding

Conclusion

la

Ib

Ic

2a

2b

Existing humar or animal
: g
experience *

Not corrosivior no data

Existing huinan er aninzal
experience ¥ +

Not irrtant ir no data

Existing human or animal
experience *

No dita

Structure-activity
relationships or structure-
property relationships ®

Not corrosive or no data

Structurc-activity
relationships of structure-
property relationships ¥

Notirritating or no data

v

pH with buffering

Not pH extreme or no
data

v

Existing dermal data i
animals indicate no need
for animal testing @

v

No indicatiolor no data

—p Corrosive

——p Imitant

Not corrosive or
irntant

N Corrosive

Irritant
e

—p pH<20r>11.5

—mp Y ES

——p-Classify as corrosive »

—p Classify as irritant *

Neo further testing

Classify as corrosive
..._..._._..> fy

Classify as irritant ®

—

— Classify as corrosive *

—weeyp Possibly no further
testing may be
deemed corrosive/
irritant
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Figure 1. Tiered testing and evaluation of dermal corresion and irritation potential

(see also the “Testing and evaluation strategy for eye irritation/cerrosion®)

Step Parameter Finding Conclusion
5 Valid and accepted in S ——p Classify as corrosive ¥
vitro dermal cosrosion test response
2) +
Negative response or no
dati
6 Vatid and accepted in —p Positive ——3 Classify as irritant ¥
vitro dermal irritation test response
Negative response or no
data
7 In vivo dermal corrosion P Corrosive — Classify as corrosive ™
test (1 animal) response
Negative response
8 In vivo dermal irritation p. lrritant response ——3 Classify as irritant ®
test (3 animals total) ¥
Negative responsc —p No further w3 Classify as irritant 2
testing
9 When it is ethical to —» lLiritant response —» Classify as irritant ¥

perform: human patch
testing ® +

Not as above

. NOB-igTitant
responsc

— - No further testing

Classify in the harmonised category, below.
Structure-activity and structure-property relationships arc presented separately but would be

conducted in parailel.

Measurement of pH alone may be adeqguate, but assessment of acid or alkali reserve is

preferable; methods are needed to assess buffering capacity.

Pre-existing animal data should be carefully reviewed to determmine if in vive dermal

corrogiolYisritation testing is ueeded. As examiples, testing may not be needed when a test
material has not produced any dermal irritation in an acute dermal toxicity test at the limit
desc, or produces very toxic effects in an acute dermal toxicity test. In the latter case, the
material would be classified as being very hazardous by the derinal route for acute toxicity; it
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is moot whether the material is also irritating or corrosive on the skin. ki should be kept in

mind in evaluating acute dermal toxicity information that the reporting of dermal lesions may

be incomplete, testing and observations may be made on a species other than the rabbit, and

species may differ in sensitivity in their resporises.

Currently there are not yet iuternationally accepted validated in vitro methods of dermal

corrosion, but a validation study on several methods has been completed.

f.  Presently there are not vet validated and internationally accepted in vitro test methods for
dermal irritation,

g. This evidence could be derived from single or repeated exposures. There is no intemationally
accepted test nmiethod for human dermal irritation testing.

h.  Testing is usually conducted in 3 animals, one coming from the negative corrosion test.

Y

58. For thosc authorities wanting mere than one designation of corrosivity, up to three
subcategories arc adopted which divide up responses in the corresive category (Category 1, see
Table 2): subcategory 1A --where responses are noted following up to 3 minutes exposure and up
to | hour observation; subcategery 1B --where responses are described following exposure between
3 minutes and 1 hour and cbservations up to 14 day; and subcategory 1C --where responses occur
after exposures between | hour and 4 hours and observations up to 14 days.

Table 2. Skin corrosive category and subcategories ¥

Corrosive Potential corrosive Corrosive in > 1 of 3 animals

category (category 1) subclasses

{applies to authorities | (only applies to some || Expesure observation

1ot using authorities)

subcategories)

corrosive corrosive subcategory | < 3 minutes < | hour
1A
corrosive subcategory |> 3 minutes - < 1 <14 days
1B hour
corrosive sitbeategory [[> 1 hour -- <4 hours | < 14 days
1C

a). Incase human data are considered, the use of human data is discussed in Part
1, Chagter 1.3: “General Considerations”™.

Irritation

39, A single irritant category is adopted that (a) is centrist in sensitivity among existing
classifications, (b) recognises that some test materials may lead to effects which persist throughout
the length of the test, and {¢} acknowledges that animal responses in a test may be quite variable.
The current EU 3-animal classification system is modified to generate the propesed positien, An
additional mild irritant category is available for those authorities that want to have more than one
dermal irritant category.

60. Reversibility of dermal lesions is another consideration in evaluating irritant responses.
When inflamumation persists to the end of the observation period in 2 or more test animals, taking
inte consideration alopecia (limited area), hyperkeratosis, hyperplasia and scaling, then a material
should be considered to be an irritai,
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61. Animal irritant responses within a test can be quite variable, as they are with corrosien. A
separate irritant criterion should be added te accommodate cases when there is a significant irritant
response but less than the mean score criterion for a positive test. For example, a test material might
be designated as an irritant if 1 of 3 tested animals shiows a very elevated mean score throughout the
study, including lesions persisting at the end of an observation period of normally 14 days. Other
responses could alse fulfil this criterion. However, the responses should be ascertained as being the
result of cliemical exposure. Addition of this criterion increases the sensitivity of the classification
system beyond that of the current EUJ systern.

62. To counterbalance the inereases in sensitivity of a designation of an irritant position and to
make room for a mild irritant category, the endpoint mean score for a positive animal response is
raised from > 2.0 under the current EU system to > 2.3. From a training set of data, the proportion
of positive tests for the total data base decreases from 0.59 for the current EU system to 0.34. The
exact proportion of positive test materials in the proposed system is not kaown, but it would
definitely be higher than 0.34 and, thus, closer to the proportion of positives in the current EU
system. In addition, the proporticn of positives will vary considerably with the composition of
materials being tested, From the training set, about 0,34 of the chemicals are in the mild irritant
category, and the total is tlie sum of the proportion of irritants and mild irritants, or 0.68 of the
chemicals.

63. A single irritant category {Category 2} is adopted using the results of animal testing,
Authorities (e.g., pesticides) also have available a less severe mild irritant category (Category 3).
Several criteria distinguish the two categories (Table 3). They mainly differ in the severity of
dermal reactions. The 1najor criterion for the irritant category is that at least 2 tested anirals have a
mean score of > 2.3 - < 4.0. For the mild irritant category, the mean scere cut-offs are > 1.5 - < 2.3
for at least 2 tested animals. Test materials in the irritant category would be excluded from being
placed in the mild irritant category.

Table 3, Skin irritant category and subclass®

Classes Criteria

Irritant (1) Mean valuec of > 2.3 - < 4.0 for erythema/eschar or for oedema in at
(Category 2) least 2 of 3 tested animals from gradings at 24, 48 and 72 hours after patch
(applies te all removal or, if reactions are delayed, from grades on 3 consecutive days
authoritics) after the onset of dermal reactions, or

(2) Inflammation that persists to the cnd of the observation period
nermally 14 days in at least 2 animals, particularly taking into account
alopecia (limited arca), hyperkeratosis, hyperplasia, and scaling, or

(3) In some cases where there is pronounced variability of responsc among
animals, with very definite positive effects related to chemical exposure in
a single animal but less than the criteria above.

Mild irritant Mean value of > 1.5 - < 2.3 for erythemaleschar or for oedema from

(Category 3) gradings in at least 2 of 3 tested animals from grades at 24, 48 and 72 hours

(applics to only or, if rcactions arc delayed, from grades on 3 consecutive days after the

some authorities) onset of dermal reactions (when not included in the irritant category
above).

a, In case human data are considered, the use of human data is discussed in Part 1,
Chapter 1.3: "General Corisiderations”,
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EXECUTIVE SUMMARY

64. In the following harmonised system for eye irritation/corrosion hazard classification the
collection of test guidelines and classification schemes worked out by the EC, the tier sclieme of the
U.S. regulators, the experiences of the German regulators based on the EU chemicals notification
procedure and the outcome of the "OECD Workshop on Harmonisation of Validation Criteria for
Alternative Tests / Harmonisation and Acceptance Criteria for Alternative Teoxicological Test
Methods" in Solna, Sweden (22nd -24th January, 1996) have been considered.

63. Also reflected are eye initation/corrosion classification schemes for cliemicals which are
in force in the member countries of the Organisation for Economic Co-operation and Development,
OECD (6), in the European Union, EU and the Canadian Pest Management Regulatory Agency and
the Canadian workplace system, WHMIS. Within the transport sectors of the United Nations, UN,
only dermal corrosivity is taken into account; eye corrosivity or eye irritating properties are not
included within the “Orange Book” of the UN,

66. The harmonised system includes an evaluation strategy of existing information and
specific testing for eye cffects. In developing harmonised positions for eye irritation/corrosion
testing, three objectives have been kept in mind:

* to define criteria for both serious damage to ¢yes and eye uritation that are in the range
of sensitivity of existing systems,

» {0 have the option of subdividing effects in two parts for those authorities that need
them, and

* to avoid testing for local effeets on eyes with skin corrosive substances.

67. A single harmonised hazard group is defined for the classification of serious damage to
eves, Serious damage to eyes is defined as severe itreversible effects on the eye including not only
corrosive effects like destruction of cornea or conjunctivae but also persistent indication of serious
itmpairment of sight.

68, A single harmonised hazard group is defined for the classification of eye irritation that
reverses within an appropriate observation time. The proposed harmonised classification of
reversible cye irritation draws upon procedures currently cimployed by the European Union (EU)
and by regulatory authorities in the United States of America (USA) and in Canada. Classified are
local effects detected in a Draize test with rabbits that reverse within 21 days after instillation of the
substance into the cye. Effects on the cornea, cffects on the iris and conjunctival erythema and
ocdema are graded separately; an animal’s mean score from readings over the figst three days after
instillation must mect a defined level to be positive, and at least 2 of 3 tested animals must be
positive for the test to be positive. The proportion of test substances expected to be positive by the
proposed harmonised system is somewhat higlier than that of the curvent EU system but less than
that of the current US and Canadian systems, Authoritics wanting to distinguish between 1nild and
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moderate eye irritants have the option to use a subcategorisation that considers the differences
within the current classification systems.

PURPOSE, BASIS AND APFLICABILITY

9. The purpose of the document is to present a harmonised systemn of hazard elassification for
eye irritation, destruction of eye tissues and other sericus damage to tissues and function of eyes that
can be agreed upon and utilised by OECD Member countries.

70, A ticred testing and evaluation scheme is presented that combines pre-existing information
on local corrosivity and on eye imitation (including data relating te histerical human or animal
experience) as well as considerations on structure-activity relationships (SAR) or structure-property
relationships (SPR) aud the output of validated in vitro tests in order to aveid unnecessary animal
testing.

71, The harmonised hazard classification system grew out of the currently employed systems
within the QECD Member countries. It is based on concepts already in effect and melds together a
position that does not deviate significantly from those currently in use.

72, The proposals for classification of eye irritation and serious damage to the eye include
elements that are harmonised and will be used by all authorities as well as optional subcategories
that will be applied by only some authorities (e.g., authorities classifying pesticides).

CLASSIFICATION CATEGORIES AND CRITERIA

73, The harmenised system includes guidance for the use of iitial considerations, that is those
data efements that are evaluated before animal testing for eye damaging effects is undertaken. It
also includes hazard categories for local lesions on the eves.

Initial considerations / ticr testing and evalnation strategy

74. Before there is any in vive dermal or eye irritation/corrosion testing all existing
information on a test material should be reviewed. Preliminary decisions can often be made from
theni as to whether an agent is corrosive. If a test material can be classified, no testing is required.
A lighly recommended way of evaluating existing information on agents or of approaching new
uninvestigated substances, is to utilise a tier testing strategy for eye irritation/corrosion.

75. Several factors should be considered in determining the eye damage or irritation potential
of cheinicals before testing is undertaken. Accumulated human and animal experience shiould be the
first line of analysis, as it gives information directly referable to effeets on the eye. In'some cases
enough information nay be available from stucturally related compounds to make lazard
decisions. Likewise, pH extremes like £ 2 and = 1.5, may indicate corrosive effects, especially
when buffering capacity is known. Such agents are expected to preduce significant effects on the
eyes. Possible skin corrosiou lias to be evaluated pricr to consideration of eye irritation/corrosion in
order to avoid testing for local effects on eyes with skin corrosive substances, In vifro altematives
that have been validated and accepted may be used to make classification decisions.

74. All the above information that is available on a chemiecal should be used in determining the
need for ji viro eye irritation testing. Although information might be gained from the evaluation of
single parameters within a tier (e.g., caustic alkalies with extreme pH should be considercd as local
corrosives), there is merit in considering the totality of existing information and making an overall
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weight of evidence determination. This is especially true when there is information available on
some but not all parameters. Generally, primary emphasis should be placed upon expert judgement
considering human experience with the substance, followed by the outcome of skin irritation testing
and of well validated alternative methods, Animal testing with corrosive substances should be
avoided whenever possible.

77.

A tiered approach to the evaluation of initial information should be considered, where
applicable recognising that all elements may not be relevant in certain cases. The tiered approach
explained in Figure 2 was developed with contributions from (inter)national ceutres and committees
for the testing and validation of alternatives to animal testing during a workshop in Solna, Sweden.

Figure 2: Testing and evalunation strategy fer eye irritation/corrosien
{see also: “Testing and evaluation strategy for skin frritation/corrosien™)

Step Parameter Findings Cenelusions
la Data relating to historical __[» Severe damage to Category 1
liuman or animal eyes
£xpericnce . Category 2
penen v — Eycirritant alegory
No or don’t know
Ib Data relating to historical — 3 Skin corrosive No evaloation of effects
human or animal on eyes; deemed to be
gxperience Category |
No or don't know
ic Data relating to historical — Skin irritant No evaluation of effects
Imman or animal on eyes; deemed to be
cxpcrience* Category 2
No or don’t know
v
2a SAR/SPR ~— 3 Severe damage to Category 1
cyes
v
No or don't know
2b SAR/SPR — Eyeirritant No evaluation of effects

v

on eyes; deemed to be
Category 2
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Figure 2 {cont.): Testing and evaluation strategy for eye irritation/corresion
(see also: “Testing and evaluatien strategy for skin irritation/corrosion™)

Step Parameter Findings Conclusions
No or don’t know
v
Zc SAR/SPR —» Skin corrosive No  cvaluation  of
effects on eyes;
4 deemed to be Category
1
No or den’t know
3a pH/acid or alkaline pHz1l50rpH < Category 1
reserve 2
\ {considering acid
or alkaline
reserve)
3b 2<pH<1L.3
{no buffering potential}
4 Other infonnttion Yes No evaluation of effects
indicating the material is a on eyes; deemed to he
dermal eorrosive Category 1
No v
Is a valid in vitro test
3 available to assess severe No Gotostep 6
damage to eyes
Sa In vitro test for sgvere eye Severe damage to Category 1
irritation eyes
Not a scvere eye irritant
6 Is a valid /1 vifro test for but i vitro test for Go tostep 8
eye irritation available severe eye
No irritancy was
negative Go to Step 7

\{

in the absence of
any in vitra test
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Figure 2 (cont.): Testing and evaluation strategy for eye irritation/corrosion
{(see also: “Testing and evaluation strategy for skin irritation/corrosion®)

Step Parameter Findings Conclusions
Yes
6a fn vitro eyc irritation test — Eycimitant - Catecgory 2
v
Ne indication of eye
irritant properties
7 Experimentally assess —¥ Skin corrosive —  No cvaluation of
skin corrosion potential effects on eyes,
(see Testing Strategy for deemed 10 be Catcgory
Skin Irritation/Corrosion) I
Neot corrosive — Scrious damage to — C(Category i
cyes
8 1 rabbit cye test
No serious dainage —p Eyeirritant —p Category 2
v
9 1 or 2 further rabbits
Not an cyc irritant
Notes to the testing and evaluation strategy for cye irritation / corrosion
78. Step a/b: Data relating to historical hurman or animal expericence: Pre-existing information

on cye irritation and skin corrosion are shown separately because evaluation of skin corrosion has to
be considered if there is no information on local cffccts on eyes. Analysis of pre-existing
experience with the chemical niay identify both corrosion and nritation potentia! for both dermal
and ocular effects: i) Step la - reliable determination of eye imitancy basing on human or animal
experielice - depends on expert judgement: In most cases hunian experience is based on accidental
events and thus, the tocal effects detected after an accident have to be conipared with classification
criteria created for evaluation of aniniat test data. ii) Step ib - cvahiation of data on skin corrosivity
- skin corrosive substanices should not be fustilled inte the eyes of animals; such substances shonid
be considered as corrosive to the eyes as wetl. {Category 1)

79. Step 2a/b: SAR (Structure Activity Relationships) / SPR (Structure Property
Relationships) for eye irritation and skin corrosion are shown separately but in reality would
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probably be done in parallel. This stage should be completed using validated aud accepted
SAR/SPR approaclies. The SAR/SPR analysis may identify both corrosion and irritation potential
for both dermal and ocular effects: i} Step 2a - reliable determination of eye irritancy only by
theoretical evaluations - in most cases it will only be appropriate for substances that are homologous
to agents with very well known properties. ii) Step 2c - theoretical evaluation of skin corrosivity -
skin corrosive substances should not be instilled into the eyes of animals; such substances should be
considered as corrosive to the eyes as well. (Category 1)

80. Step 3: pH extrenies like <2 and >11.5 may indicate strong lecal effects, especially in
combination with assessment of acid or alkaline reserve, substances exliibiting such physico-
cheinical properties shiould be considered as corrosive to eyes. {Category 1)

81. Step 4: All atiainable information should be used, including probable lluman experience.
But this information should be restricted to that which pre-exists (e.2. the results of a dermal LD50
test or historical information on dernial corrosion).

82. Step 5: These must be alternative nicthods for the asscssment of scvere cye
irritation/corrosion or serious damage to eyes (c.g., irreversible corneal opacity) which have been
validated in accordance with internationally agrced priuciples and criteria (sce “General
Considerations” of the General Introduction to the Harmonised Intcgrated Hazard Classification
System).

83. Step 6: At present this step secms not be achievable in the near future. Validated
alternative methods for the reliable assessment of (reversible) eye irritation need to be worked out.

84. Step 7: In the absence of any other relevant information, it is essential to obtain this via an
internationally recognised corrosion/irritation test before proceeding fo a rabbit eye irritation test.
This must be conducted in a staged manner. If possible, this should be achieved using a validated,
accepted in vitro skin corrosivity assay. If this is not available, then the assessment should be
completed using animal tests (see the skin irritation/corrosion strategy}.

85, Step 8: Staged assessment of eye irritation in vivo. 1f in a limit test with one rabbit serious
damage to eyes/severe eye irritation/corrosion is detected no further testing is needed.

86. Step 9: Only two animals may be employed for irrifation testing (including the one used
for evaluation of possible severe effects) if these two animals give coneordant clearly irritant or
clearly non-irritant responses, In the case of different or borderline responses a third animal is
necded. Depending on the result of this three-animal test, classification may be required or not,

87. Where data nceded for such a testing strategy cannot be required, the propesed tier testing
approach demonstrates a good guidance how to organise cxisting information on 2 test material aud
to make a weight-of-cvidence deeision about hazard assessment.and hazard classification - ideally
without conducting new animal tests.

Irreversibie effects on the eye / scrious damage te eyes

88. A single harmonised hazard category is adopted for substances that have the potential to
damage the eyes seriously. This hazard category - Category 1 (irreversible effects on the eye) -
includes the criteria listed below. These observations include animals with grade 4 cornea lesions
and other severe reactions {e.g., destruction of cornea) observed at any time during the test, as well
as persistent corneal opacity, discoloration of the cornea by a dye substance, adhesion, pannus, and
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interference with the function of the iris or other effects that impair sight. In this context, persistent
lesions are considered those which are not fully reversible within an observation period of normally
21 days. Hazard classification: Category 1 also contains substances fulfilling the criteria of corneal
opacity 2 3 or iritis > 1.5 detected in 2 Draize eye test with rabbits, because severe lesions like these
usnally do not reverse within a 2| days observation period.

IRREVERSIBLE EYE EFFECTS CLASSES

An eye irritant Category 1 (irreversible effects on the eye) is a test material that produces:

- atleast in one animal effects on the cornea, iris or conjunctiva that are not expected to
reverse or have not fully reversed within an observation period of normally 21 days
and/or

- atleastin 2 of 3 tested animals a positive response of:
corneal opacity 2 3 and/or
iritis > 1.5
calculated as the mcan scores following grading at 24, 48 and 72 hours aficr
installation of the test material.

34 The use of human data is discussed under “Geaeral Considerations™ in the introductory
chapters of the Harmonised Iategrated Hazard Classification System for Human Health and
Environmental Effects of Chemicals.

Reversible effects on the eye

90. A single category is adopted for substances that have the potential to induce reversible eye
irntation. This single hazard category provides the option to identify within the category a sub-
category for substances inducing eye irritant effects reversing within an observation time of 7 days.
91. Those authorities desiving one single category for classification of “eye irritation” may use

the overall harmonised Category 2 (irritating to eyes): others may want to distingnish between
Category 2A (irritating to the eyes) and Category 2B (mildly imitating to eyes).
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REVERSIBLE EYE EFFECTS CLASSES

An eye irritant Category 2A (irritating to eyes) is a test material that produces:

- atleast in 2 of 3 tested animals a positive response of:

corheal opacify = | andfor
iritis = 1, and/or
conjunctival rednessz 2

conjunctival oedema {chemosis) =2

calculated as the mean scores following grading at 24, 48 and 72 hours after
installation of the test material, and

- which fully reverses within an observation period of normally 21 days

Within this category an eye irritant is considered mildly irritating to eyes (Category 2B)
when the effects listed above are fully reversible within 7 days of observation.

02. For those chemicals where there is pronounced variability among animal responses, this
information may be taken inte account in determining the classification.
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PURPOSE, BASIS AND APPLICABILITY

93. The purpose of the harmonised criteria for classification of respiratory and dermal
sensitisers is to give a common ground, which could be used internationally, for the hazard
classification of sensitising properties of chernicals.

94, The basis for the harmouised criteria are those criteria which are currently in use in the
OECD countries. Elements from these were integrated so as to maintain a high level of protection
and to form harmonised criteria which could be agreed upon.

95. The criteria should be applicable on the liazard classification of chemicals irrespective of
their end use,

1. RESPIRATORY SENSITISERS
Definitions

96. A respiratory sensitiser is a substance that will induce hypersensitivity of the airways
following inhalation of the substatice.

Classificatien Criteria

97. Substances shall be classified as respiratory sensitisers in accordance with the criteria
given below:

o  if there is evidence in humans that the substance can induce specific respiratory
lypersensitivity and/or

s  where there are positive results from an appropriate animal test.

1, There has been considerable discussion aboul whal 10 convey abunl sensilisntion effects 10 Lhose exposed, and a1 whal
poin §1 should be conveyed. While the currenl cut-off for mixlures is 1%, it appenrs that the major systems all believe
informntion should be conveyed betow thal level, This may be appropriale both to wam those already sensitised, as
well a5 o warn Lhose who may beeome sensilised. This 1ssue was nol clear during the iniliaf defiberations on the eriteria
for 1nixrures containing sensitisers, and thus has not been adequaicly discussed nor oplions explored.

Before the syslem becomes implemenled, Lhis issue should be revisiled by the ECOSOC Subcommittee on the GHS as
one of its firsl priorities. 11 should be noted 1hat the seusitisation crileria for subslances will also have Lo be re-opened to
eonsider this issue and Lhe inelision of new information and evolving 1esling approaches thal addresses the guestion of
slrong sensitisers versus those thal are weaker. Appropriale hazard communication should be eonsidered along with the
discussions on the eriteria and the availabilily of an approprime test melhod.
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RATIONALE FOR THE SYSTEM
Hunan evidence

98. Evidence that a substance can induce specific respiratory hypersensitivity will normally be
based on human experience. In this context, hypersensitivity is normally seen as asthma, but other
hypersensitivity reactions such as rhinitis/conjunctivitis and alveolitis are also considered. The
condition will have the clinical character of an allergic reaction. However, immunological
mechanisms do not have to be demonstrated.

99. Wlen considering the human evidence, it is necessary for a decision on classification to
take into accotnt in addition to the evidence from the cases:
» the size of tlie population exposed

»  the extent of exposure.

100. The evidence referred to above could be

» clinical history and data from appropriate lung function tests related to exposure to
the substance, confirmed by other supportive evidence which may include:

—  invive immunological test (e.g. skin prick test)
-~ in vitro immunelogical test (e.g. scrological analysis)

— studies that may indicate other specific hypersensitivity reactions wheic
immunological mechanisms of action have not been proven, e.g. repeated low-
level irritation, pharmacologically mediated effects

—  a chemical stracture related to substances known to cause respiratory
hypersensitivity

s data from positive bronchial clallenge tests with the substance conducted
according to accepted guidelines for the determination of a specific
hypersensitivity reaction.

131, Clinical history should include both medical and occupational history to detenniac a
relatfonship between exposure to a specific substance and development of tespiratory
hypersensitivity. Relevant information includes aggravating factors both in the home and
workplace, the onset and progress of the disease, family history and medical history of the patient in
question, The medical history should also include a note of other allergic or airway disorders from
childhood, and smoking history.

102. The results of positive bronchial challenge tests are considered to provide sufficient
evidence for classification on their own. It is however recognised that in practice many of the
cxaminations listed above will already have been carried out,

Auninal studies

103. Data from appropriate animal studies which may be indicative of the potential of a
substance to cause sensitisation by inhalation in humans may include:

- measurements of IgE and other specific immunological parameters, for example in mice
- speeific pulmonary responses in guinea pigs.
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EXPLANATORY NOTES

104. The mechanisins by which substances induce symptoins of asthma are not yet fully
known. Feor preventative rcasons these substances are considered as respiratory sensitisers.
However, if on the basis of the evidence mentioned in paragraph 100, it can be demonstrated that
these substances induce symptoms of asthma by iritation only in people with bronchial
hyperreactivity, they should not be considered as respiratory sensitisers.

105, At present recognised animal models for the testing of respiratory hypersensitivity are not
available. Under certain circumstances, aniinal testing may be used, e.g. a modification of the
guinea pig maximisation test for determination of relative allergenicity of proteins. However, these
tests still need further validation.

106. Some substances causing respiratory sensitisation may in addition cause immunelogical
contact urticaria and therefore should be considered for classification as a coatact sensitisers (sce
part I1).

H. CONTACT SENSITISERS

Definitions

107, A contact sensitiser is a substance that will induce an allergic response following skin
contact.

Classifieation Criteria

108. Substances shall be classified as contact sensitisers in accordance with the criteria given
below:

e if there is evidence in humans that the substance can induce sensitisation by skin
contact in a substantial number of persons, or
¢ where there are positive results from an appropriate animal test.

RATIONALE FOR THE SYSTEM

109. For classification of a substance evidence shiould include any or all of the following:

- Positive data from patch testing, normally obtained in more than one dennatology
clinic. _

- Epidemiological studies showing allergic contact dermatitis caused by the
substance.  Situations in which 2 high proportien of those exposed exhibit
characteristic symptoms are to be looked at with special cencern, even if the
number of cases is small.

- Positive data from appropriate animal studies.

- Positive data fromn experimental studies in man. (see Part 1, Chapter 1.3,
paragraph 22).
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- Well documented episodes of allergic contact dermatitis, normally obtained in
more than enc dermatology clinic.

110. Positive effects seen in cither humans or animals will normally justify classification.
Evidence from animal studies is usually much more reliable than evidence from human exposure.
However, in cases where evidence is available from both sources, and there is couflict between the
results, the quality and reliability of the cvidence from both sources must be assessed in order to
resolve the question of classification on a casc-by-case basis. Normaily, human data are not gencrated
in controlled experiments with vohintecrs for the purpose of hazard classification but rather as part of
risk assessment to confirm lack of cffects seen in animal tests. Conseguently, positive human data on
contact sensitisation arc usually derived from case-control or other, less defined studies, Evaluation of
huinan data must therefore be carried out with caution as the frequency of cases reflect, in addition to
the inhcrent properttics of the substances, factors such as tlie cxposure situation, bioavailability,
individual predisposition and preveutive measures taken. Negative human data should not normally
be used to negate positive results from animal studics.

111. If nonce of the above mentioned conditions are met the substance necd not be classified as a
contact sensitiscr. However, a combination of two or more indicators of contact scnsitisation as
listed below may alter the decision. This shall be considered on a case-by-casc basis.

- Isolated episcdes of allergic contact deymiatitis.

- Epidemioclegical studies of limited power, e.g. where chance, bias or confounders have
not been ruled out fully with reagonable confidence.

—  Data from animal tests, performed according t¢ existing guidelines, which do not meet
the criteria given in the section on animal studies but are sufficiently ¢lose to the limit to
be considered significant.

- Positive data from non-standard methods.

~ Positive results from close structural analogues.

EXPLANATORY NOTES
Immunological Contact Urticaria

112, Substances meeting the criteria for classification as respiratory sensitisers may in addition
cause immunological contact urticaria. Consideration should be given te classify these substances
also as contact sensitisers. Substances which cause immunological contact urticaria without
meeting the criteria for respiratory sensitisers should also be considered for ¢lassification as contact
sensitisers.

113. There is ne recognised animal model available to identify substances which cause
immunological contact urticaria. Therefore, classiﬁca\tion will nonmally be based on human
evidence which will be similar to that for skin sensitisation.

Anjmal Studies

114, When an adjuvant type test method for skin seusitisation is used, a response of at least

30% of the animals is considered as positive. For a non-adjuvant test method a response of at least
15% of the animals is considered positive. Test methods for skin sensitisation are described in the
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OECD Guideline 406 (the Guinea Pig Maximisation test and the Buehler guinea pig test}. Other
methods may be used provided that they are well-validated and scientific justification is given,

115. The mouse ear swelling test, MEST, and the local lyniph node assay, LLNA, appear to be
reliable screening tests to detect moderate to strong sensitisers. The LLNA or the MEST can be
used as a first stage in the asscssment of skin sensitisation potential. In case of a positive result in
either assay it may not be necessary to conduct a further guinea pig test.

116, When evaluating animal data, produced by testing according to the OECD or equivalent
Guidelines for skin sensitisation, the rate of sensitised animals may be considered. This rate reflects
the sensitising capacity of a substance in relation to its mildly irritating dose. This dose may vary
between substances, A more appropriate evaluation of the sensitising capacity of a substance could
be camried out if the dose-response relationship was known for the substance. This is an area that
needs further development.

117. There are substances that are extremely sensitising at low doses where others require high
doses and long time of exposure for sensitisation. For the purpose of hazard classification it may be
preferable to distinguish between strong and moderate sensitisers. However, at present animal or
other test systems to subcategorise sensitisers liave not been validated and accepted. Therefore,
subeategorisation should not yet be considered as part of the harmonised classification system. (See
Background Information),

APPENDIX: BACKGROUND INFORMATION

118. Categorisation of sensitisers accouating for differences in seusitising capacity among
substances would be a useful concept to develop. It may be appropriate to allocate both respiratory
and derinal sensitisers to, for example, one of the following categories:

Category 1, Strong Sensitiser:
A strong sensitiser would be indicated by

- a high frequency of occcurrence and/or severity of occurrence within an exposed
population or

- a probability of occurrence of a high sensitisation rate in humaus based on animal
or other tests.

Category 2, Sensitiser:
A low to moderate sensitiser would be indicated by

- a low or moderate frequency or severity of occurrence within an exposed
population or

- a probability of occurtence of a low to moderate sensitisation rate in hwmans based
on animal or other tests,

119. Sownc anthoritics currently categorise strong scnsitisers. However, at present, animal or

other test systems to subcategorise sensitisers as indicated above, have not been validated and
accepted. Work is going on te develop such models for the potency evaluation of contact allergens.
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PURPOSE, BASIS AND APPLICABILITY

120, The purpose of the harmonised scheme for the classification of chemticals which may
cause heritable mutations in germ cells in humans is to provide a common ground which could be
used internationally for the classification of mutagens. All tests conducted according to validated
and internationally accepted test gnidelines are acceptable for the purpose of classifying substances.

121. To arrive at that classification scheme, test results are considered from experiments
determining mutagenic and/or genotoxic effects in germ and/or somatic cells of exposed animals.
Mutagenic and/or genotoxic effects determined in in vitre tests may alsobe considered.

122, The system is hazard based, classifying chemicals on the basis of their intrinsic ability to
induce 1nutations in germ cells, The scheme is, therefore, not meant for the (quantitative) rsk
assessment of chemical substances.

DEFENITIONS

123, The classification system is primarily concerncd with chemicals which may cause
mutations in the germ cells of himans and these mutations can be transmitted to the progeny.
However, mmutagenicity/genotoxicity tests ir vitro and in mammalian somatic cells in vive will also
be considered in the snb-divisions of the classification systein.

124. In the present context, conunonly found definitions of the terms mutagenic, mutagen,
mutations and genotoxic are used, and a mutation is defined here as a2 permanent change in the
amount or structure of the genctic material in a cclf.

125. The term “mutation” applics botl for lieritable genetic changes that may be manifested at
the phenotypic level, and for the underlying DNA modifications when known (including, for
cxample, specific base pair changes and chromosomal translocations). The term “mutagenic” and
“mutagen” will be used for agents giving rise to an increased occurrence of mutations in populations
of cclis and/or organisms.

126. The more general terins “genotoxic” and “genotoxicity” apply to agents or processes
which alter the structure, information content, or segregation of DNA, including those which cause
DNA damage by interfering with normal replication processes, or which in a non-pliysiological
manner (temporarily) alter its replication. Genotoxicity test vesults are usually taken as indicators
for mutagenic effcets.

CLASSIFICATION CATEGORIES AND CRITERIA

127. The classification systcrn comprises two different categories of germ cell mutagens to
accommodate the weight of evidence available. The two-category systern is described in the
following.
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CATEGORY I:

CHEMICALS KNOWN TO INBUCE HERITABLE MUTATIONS OR TO BE
REGARDED AS IF THEY INDUCE HERITABLE MUTATIONS IN THE GERM
CELLS OF HUMANS.

CATEGORY 1A; Chemieals known to induce heritable mutations in germ cells of humans

Criteria: Positive evidence from human epidemiclogical studies.

CATEGORY 1B: Chemicals which should be regarded as if they induce heritable
mutations in the germ celis of humans.

Criteria;

- Positive result{s) from in vive heritable germ cell nmtagenicity tests in
mammals; or

- Positive result(s} from iun vive somatic cell mutagenicity tests in mammals, in
combination witli some evidence that the substance has potential to cause
mutations to germ cells. This supporting evidence may, for example, be
derived from mutagenicity/genotoxic tests in germ cells in vive, or hy
demonstrating the ability of the substance or its metabolite(s) to interact with
the genetic material of germ cells; or

- Positive results from tests showing mutagenic effects in the germ cells of
huinans, witl:out dentonstration of transmission to progeny; for example, an
increase in the frequency of aneuploidy in sperm cells of exposed people.

CATEGORY 2:

CHEMICALS WHICH CAUSE CONCERN FOR MAN OWING TO THE POSSIBILITY
THAT THEY MAY INDUCE HERITABLE MUTATIONS IN THE GERM CELLS OF

HUMANS.

Paositive evidence obtained from experiments in mammals and/or in some cases from in vitro
experiments, obtained from:
- Somatic cell mutagenicity tests in vivo, in mammals; or
- Other in vivo somatic cell genotoxicity tests whicli are to be supported by
positive results from in vitro nmtagenicity assays

Nota Bene:

- Chemicals which are positive in in vitro manunalian mutagenicity assays, and
which also show cliemical structure activity relationship to known germ cell
mutagens, should be considered for classification as category 2 mutagens.

45

184



ENV/IM/MONO{2061)0

RATIONALE FOR THE PROPOSED SYSTEM

128. Classification for heritable effects I lmrnan germ cells is made on the basis of well
conducted, snfficiently validated tests, preferably as described in OECD Test Guidelines.
Evaluation of the test results should be doue using expert judgement and all the available evidence
should be weighed for classification.

129. Examples of i1 vivo heritable germ cell mutagenicity tests are:

Rodent dominant lethal mutation test {OECD 478)
Mouse heritable translocation assay (OECD 483)
Mouse specific locus test

130. Examples ofin vivo somatic cell niutagenicity tests are:

Mammmalian boiie marrow micromiclens test {OECD 474)
Mamrmalian boue marrow chromosome aberration test (OECD 473)
Mouse spot test {OECD 484)

Mammalian erythrocyte nricronucleus test (OECD 474)

131. Exainples of mutapenicity/genotoxicity tests in germ cells are:

A) Mutagenicity tests:
Mammazlian spermatogonial chromosome aberration test (OECD 483)
Spermatid micronucleus assay

B) Genotoxicity tests:
Sister chromatid exchange analysis in spermatogonia
Unscheduled DNA syntliesis test (UDS) in testicular cells

132, Examples of genotoxicity tests in somatic cells are:

Liver Unscheduled DNA Synthesis (UDS} in vivo (OECD 486)
Mamnalian bone marrow sister chromatid exclianges (SCE)

133. Examples of in vitro mutagenicity tests are:

Ir vitro mammalian chromosome aberration test {OECD 473)
I vizro mammalian cell gene 1nutation test (OECD 476)
Bacterial reverse mutation tests (OECD 471)

134. The classification of individual substances should be based on the total weight of evidence
available, using expert judgement. In those instances where a single well-conducted test is used for
classification, it should provide clear and unambiguously positive results. If new, well validated,
tests arise these may also be used in the total weight of evidence to be considered. The relevance of
the route of exposire used in the study of the chemical compared to the route of human exposure
should also be taken into account,

EXPLANATORY NOTES

135. It becormes increasingly clear that the process of chemical-induced tumorigenesis in man
and animals involves {an accumulation of) genetic changes in proto-oncogenes and/or tumour
suppresser genes of somatic cells. Therefore, the demonstration of mutagenic properties of
chemicals i1 somatic and/or gerin cells of mammals iz vivo may have implications for the potential
classification of these chemicals as carcinogens (cf. chapter “Harmonised System for the
Classification of Chemicals Which Cause Cancer™),
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PURPOSE, BASIS AND APPLICABILITY

136, The purpose of the harmonised system for the classification of chemicals which may cause
cancer is to provide common ground which could be nscd internationally for the classification of
carcinogenic snbstances.

137, The schieme is applicable to the classification of all chemicals. This chapter deals only
with chemical substances. The application to classification of preperations/prodilcts/mixtures is
described in Chapter 3.6.

DEFINITIONS

138. The term "carcinogen" denotes a chemical substance or a mixture of ¢lhemical substances
which induce e¢ancer or increase its incidence. Substances whick have induced benign and
malignant tumours in well performed e¢xperimental studies on animals are considered also to be
presumed or suspected human carcinogens unless there is strong evidence that the inechanism of
timour formation is not relevant for humans.

139. Classification of a cliemical as posing a carcinogenic hazard is based on the iuherent
properties of the substance and does not provide information on the level of the human cancer risk
which the use of the chemical may represent,

CLASSIFICATION CATEGORIES AND CRITERIA
140, For the purpose of classification for carciitogenicity, chemnical substances arc allocated to

onc of two categorics based on strength of evidence and additional considerations {weight of
evidence). In certain instances route specific classification niay be warranted.
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CATEGORY I: KNOWN OR PRESUMED HUMAN CARCINOGENS

The placing of a chemical in Category | is done on the basis of epidemiological
and/or anmiinal data, An individual chemical may be further distinguishied:

CATEGORY 1A: KNOWN to have carcinogenic potential for humans; the placing
of a chemical is largely based on human evidence.

CATEGORY 1B: PRESUMED to have carcinegenic potential for humans; the
placing of a chemical is largely based on animal evidence.

Based on strength of evidence together with additional considerations, such
evidence may be derived from human studies that establish a causal relationship between
human cxposure to a chemical and the development of cancer (known human carcinogen).
Alternatively, evidence may be derived from animal experiments for which there is
sufficient evidence to demonstrate animal carcinogenicity (presumed human carcinogen).
In addition, on a casc by case basis, scicatific judgement may warrant a deeision of
presumed human carcinogenicity derived from studies showing limited evidence of
carcinogenicity in humans together with limited cvidence of carcinogenicity in
experimental animals.

Classification: Category | (A and B) Carcinogen
CATEGQRY 2: SUSPECTED HUMAN CARCINOGENS
The placing of a chemical in Category 2 is done on the basis of evidence obtained

from luman and/or animal studies, but which is not sufficiently convincing to place the
chemical in Category 1.

Bascd on strength of evidence together with additional considerations, such
evidence may be from either limited evidence of carcinogenicity in human studies or from
limited evideuce of carcinogenicity in animal studies.

Classification: Category 2 Carcinogen

RATIONALE FOR THE PROPOSED SYSTEM

141, Classification as Carcinogen is made on the bagis of cvidence from reliable and
acceptable methods, and is intended to be used for chemicals which have an intrinsic property to
produce such toxic effects, The evaluations should be based on all existing data, peer-reviewed
publislied studies aig] additional data accepted by regulatory agencies.

142. Carcinogen classification is a onc-step, criterion-bascd process that invelves two
interrclated determinations: evaluations of strength of evidence and consideration of all other

relevant infonuation to place chemicals with human cancer potential into hazard categories.

143. Strength of evidence involves the enumeration of tumours in human and animal studies
and determination of their level of statistical significance. Sufficicnt human evidence demonstrates
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causality between human exposure and the development of cancer, whereas sufficient evidence in
aninials shows a causal relationship between the agent and an increased incidence of tunours.
Lismited evidence in humans is demonstrated by a positive association between exposure and caucer,
but a causal relationship cannot be stated. Limited evidence in animals is provided when data
suggest a carcinogenic effect, but are less than sufficient. The terms "sufficient” and "limited” are
used here as they have been defined by the International Agency for Research on Cancer {IARC)
and are cited in the Background Information for this document.

144, Additional censiderations (weight of evidence). Beyond the determination of the
strength of evidence for carcimogenicity, a number of otler factors should be considered that
influence the overall likelihood that an agent may pose a carcinogenic hazard in humans. The full
list of factors tliat influence this determination is very lengthy, but some of the important ones are
considered here,

145, The factors can be viewed as either increasing or decreasing the level of concern for
human carcinogenicity, The relative emphasis accorded to each factor depends upon the amount
and coherence of evidence bearing on each. Generally there is a requirement for more complete
information to decrease than to increase thie level of concern. Additional considerations should be
used in evaluating the tumour findings and the other factors in a case-by-case manier.

146, Some important factors which may be taken into consideration, when assessing the overall
level of concern are:

¢  Tumour type and background incidence,

s Maultisitc responses.

+  Progression of lesions to nialignancy.

+« Reduced tmnour latency.,

Additional factors on which the evaluation may increase or decrease the level of concern
inclndce;

»  Whether responses are in single or both sexes.

¢ Whether responses are in a single species or several species.

s  Structural similarity or not to a chemical(s) for which there is good cvidence of
carcinogenicity.

s Routes of exposure.

« Comparison of absotption, distribution, mectabolism and c¢xeretion between test
anirsals and liumans.

« The possibility of a confounding effect of excessive toxicity at test doses.

+ Mode of acticn and its relevance for humans, such as mutagenicity, cytotoxicity
with growth stimulation, mitogenesis, immunosuppression.

147. Mutagenicity, [t is recognised that genctic events are central in the overall process of
cancer development. Therefore evidence of mutagenic activity in vive may indicate that a chemical
has a potential for carcinogenic cffects.

EXPLANATORY NOTES

148. The following additional considerations apply to classification of chemicals inio cither
Category | or Category 2. A chetnical that has not becn tested for carcinogenicity may in certain
instances be classificd in Category 1 or Category 2 bascd on tumour data from a structural analogue
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together with substantial support from consideration of other important factors such as fornation of
common significant metabolites, e.g. for benzidine congener dyes.

149. The classification should take into consideration whether or not the chemical is absorbed
by a given route(s); or whether there are only local tumours at the site of administration for the
tested route(s), and adequate testing by other major route(s) show lack of carcinogenicity.

159. It is important that whatever is known of the physico-chemical, toxicokinetic and
toxicodynamic properties of the substances, as well as any available relevant information on
chemical analogues, i.e. structure activity relationship, is taken into consideration when undertaking
classification.

151, It is realised that some regulatory authorities may need flexibility beyond that developed in
the hazard classification scheme. For inclusion into Safety Data Sheets positive results in any
carcinegenicity study performed according to good scientific principles with statistically significant
results may be considered.

152. Guidance on the importance of the different factors mentioned in paragraph 146 has to be
elaborated in order to indicate their effects or level of concern.

153. The relative hazard potential of a chemical is a function of its intrinsic potency. There is
great variability in potency among chemicals, and it may be important to account for these potency
differences, The work that remains to be done is to examine methods for potency estimation.
Carcinogenic potency as used here does not preclude risk assessment. (See Background Information
below}.

154, The proceedings of the recent WHO/IPCS working group to harmonise risk assessinent for
carcinogenicity points to a number of scientific questions arising for classification of chemicals e.g.
mouse liver tumouss, peroxisome preliferation, receptor-mediated reactions, chemicals which are
carcinogenic only at toxic doses and which do not demonstrate mutagenicity. Accordingly, there is
a need to articulate the principles necessary to resolve these scientific issues which have led to
diverging classifications in the past. Oncec these issues arc resolved, there would be a firm
foundation for classification of a number of chemical carcinogens.

155. Data already generated for classifying chemicals under existing systems should be
acceptable when reviewing these chemicals with regard to classification under the harmonised
system. Further testing should not (normally) be necessary.

APPENDIX : BACKGROUND INFORMATION

L Evaluation of the Strength of Evidence for Carcinegenicity Arising from Human and
Experimental Data Adopted by the International Agency fer Research on Cancer (IARC)

Carcinogenicity in humans

156. The evidence relevant to carcinogenicity from stadies in humans is classified into one of
the following categories:

s Sufficient evidence of carcinogenicity: The Working Group considers that a
causal relationship has been established between exposure to the agent, mixture or
exposure ¢ircumstance and human cancer, That is, a positive relationship has been
observed between exposure and cancer in studies in whiclhi chance, bias and
confounding could be nded out with rcasonable confidence.
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+ Limited evidcnce of carcinogenicity: A positive association has been observed
between cxposure to the agent, mixture or ¢xposire circumstance and cancer for
which a causal interpretation is cousidercd by the Working Group te be credibie,
but chance, bias or confounding could net be ruled out with reasonable confidence,

157. In some instauces the above categories may be used to classify the degree of evidence
related to carcinogenicity in specific ergans or tissues.

Carcinogenicity in experimental animals

158. The evidence relevant to carcinogenicity in experimental animals is classified into one of
the following categories:

+ Sufficient evidence of carcinegenicity: The Working Group censiders that a
causal relationship has been established between the agent and an increased
incidence of malignant neoplasms or of an appropriate combination of benign and
malignant neoplasms in (a) two or more species of animals or (b) in two or more
independent studies i1 one species carried out at different times or in different
laborateries or under different protocels.

« Exdeptionally, a single study in one species might be considered to provide
sufficient evidence of carcinogenicity when malignant neoplasms occur to an
unusval degree with regard to incidence, site, type of turnour or age at ouset.

» Limited evidence of carcinogenicity: The data suggest a carcinogenic cffcct but
are limited for making 2 definitive evalvation because, e.g., {a) the evidence of
carcinogenicity is restricted to a single experiment; or (b) there are unresolved
questions regarding the adequacy of the design, conduct or interpretation of the
study; or (¢) the agent or mixture increases the incidence only of benign neoplasms
or lesions of uucertain neoplastic potential, or of certain ncoplasms which may
occur spontaneously in high incidences in certain strains.

II. Considerations of Potency for Labelling Limits

159. The cousiderations as laid out below were excerpted from the Reporst of the Meeting of the
Working Group on Harmonisation of Classification and Labelling of Carcinogens, Washington, DC,
1'7-18 October 1995,

Purpese

160. The purpose of establishing a potency scheme to be used for labelling of substances,
preparations {mixtures) and contaminants is to provide for practical minimum levels of carcinogens
in substances for which labelling would be required. It will result in labelling highly potent
materials more strictly and less potent materials less strictly. A further purpose is to eliminate
unnecessary labelling, In addition, use of a potency schieme may encourage risk reduction through
purification of chemical substances or reforrmulating preparations.

Background

161. A large number of chemicals have been classified as carcinogenic and placed into various
categories for labelling or other regulatery purpose. Chemicals that have been identified as
carcinogenic may also oceur as components of preparations (mixtures), impurities or additives.
Gold and ce-authors (Enviren Health Perspect 79: 259, 1989) calculated doses from animal testing
which result in tumours in half the dosed animals (TD5¢ values span a range of more than eight
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orders of magnitude), Most classification systems do not take mto account the wide range of
potencies of these chemicals.

162, Cascinogens are in some countries divided into three potency groups: high, medium and
low. Potency is in these instances determined using dose-response data in the observed dosing
range for laboratory animals. Additional indicators of potency such as tumour site and species
specificity, or species differences in toxicokinetics may aiso be used, Such potency groups are used
fo set upper limits for the classification of substances as carcinogens and for the purpose of initiating
labelling. They have also been used for the classification and determination of labeiling provisions
for preparations (mixtures) of carcinogenic chemicals.

163, Some countries have implemented a scheme where 0.1% is used as a default limit value
for labeiling of substances and preparations (mixtures) as carcinogens with sufficient data for
carcinogenicity. In these countries chiemicals witl medium carcinogenic potency are labelled if they
occur in chemical substances at or above this level. Many carcinogenic compounds fall into the
medivm range. Carcinogens with high potency might be classified and labelled at lower levels and
carcinogens with low potency could be ¢lassified and labelled only when they occur at higher levels,
Some countfrics use 1% as a default limit value for low potency carcinogens and for carcinogens
with more limited data,

164. Some regulatory authorities do not have the obligation to perform potency determinations,
If a chemical carcinogen is a candidate for a potency rating ouiside of the default range, such
chemicals should be rcferred to an internatienal group for its determination.

Observations

165. The Working Group agreed that it would be useful to explore further the concept of using
potency to make labelling decisions. Initial thoughts of the Working Group are presented here.

166. Potency ranking of earcinogens should not be determined or refined more precisely than
by ten-fold factors in light of differences in species response, tumour types and the limits of
standardisation of test protocols. In light of these points, a scheme for classification and labelling
purposcs which separates carcinogens into potency groupings scrves the practical purposes listed
above.,

167, Tlie use of potency for establishing limits does not preclude the ability of authorities to
perform quantitative risk assessments of exposures to carcinogenic substances for rcgulatory
purposes.

168, Potency determinations should be based on well performed studies which are peer
reviewed, performed according to good laboratory practices, or are deemed acceptable by regulatory
anthorities.
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PURPOSE, BASIS, AND APPLICABILITY

169, The purpose of the harmonised system for the classification of chemicals which may cause
an adverse offect on reproduction in humans is to provide a common ground which could be used
internationally for the classification of reproductive toxicants.

170. The system is hazard based, classifying chemzicals on fhe basis of intrnsic ability to
producc an adverse effect on reproductive function or capacity, and/or on development of fhe
offspring, The present systern involves consideration of any substance-related adverse effect on
reproduction seen in hunians, or obscrved in appropriate tests conducted in experimental animals,

171, The Explanatory Notes provide essential guidance and should be regarded as an intcgral
part of the Classification Systein.

REPRODUCTIVE TOXICITY: DEFINITIONS

172, Reproductive toxicity includes adverse effects on sexual function and fertility in adult
males and fenales, as well as developiiental toxicity in the offspring. The definitions presented
below are adapted from thosc agreed at the IPCS/QECD Workshop for the Harmonisation of Risk
Assessment for Reproductive and Developmental Toxicity, Carshalton, UK, 17-21 Qctober, 1994.
For classification purposes, the known induction of genectically-based inheritable effects in the
oftspring is addrossed clsewhere, since in the present classification system it is considered more
appropriate to address such effects under the separate end-point of germ-cell mutagenieity,

173. in this classification system, reproductive toxicity is subdivided under two niain headings:
a) Adverse effects on repreductive ability or capacity

174. Any effect of chemicals that would interfere with reproductive ability or capacity. This
may include, but not be limited to, alterations to the female and male reproductive system, adverse
effects on onset of puberty, gamete production and transport, reproductive cycle normality, sexual
behaviour, fertility, parturition, premature reproduetive senescence, or medifications in other
functions that are dependent on the integrity of the reproductive systems.

175. Adverse effects on or via lactation can also be included in reproductive toxicity, but for
classification purposes, such cffects are treated separately (sce paragraph 183). This is because it is
desirable to be able to classify chemicals specifically for adverse effect on lactation so that a specific
hazard waming about this effect can be provided for lactaling niothers.
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B} Advcerse cffects on development of the offspring

178. Taken in its widest sense, developmental toxicity includes any effect which interferes with
normal develepment of the conceptus, either before or after birth, and resulting from exposure of
either parent prior to conception, or exposure of the developing offspring during prenatal
development, or postnatally, to the time of sexual maturation.

177. However, it is considered that classification under the heading of developmental toxicity is
primarily intended to provide hazard warning for pregnant women and men and women of
reproductive capacity. Therefore, for pragmatic purposes of classification, developmental toxicity
essentiaily means adverse effects induced during pregnancy, or as a result of parental exposure.
These effects can be manifested at any point in the life span of the organism. The major
manifestations of developmental toxicity include (1} death of the developing organisn, (2) structural
abnormality, (3) altered growth, and (4) functional deficiency,

CLASSIFICATION
Weight of Evidence

178. Classification as a reproductive toxicant is made on the basis of an assessment of the total
weight of cvidence. This means that all available information that bears on the determination of
reproductive toxicity is considered together. Included are such information as epidemiolegical
studics and case reports in humans and specific reproduction studics along with sub-chronic, chronic
and special study results in aniinzls that provide relevant information regarding toxicity to
reproductive and related endocrine organs. Evaluation of substances chemically related to the
material under study may also be included, particularly when information on the maierial is scarce.
The weight given to the available cvidence will be influciiced by factors such as the quality of the
studies, consistency of results, nature and severity of effects, level of statistical significance for
intergroup differences, number of endpoinis affected, relevance of route of administration to humans
and freedom from bias. Both positive and negative results are assembled together inte a weight of
evidence determination. However, a single, positive study performed according to good scientific
principles and with statistically or biolegically significant positive results may justify classification
(see also paragraph 180).

179, Toxicokinetic studics in animals and humans, sitc of action and mcchanism or mode of
action study results may provide relevant infermation, whick could reduce or increase concerns
about the hazard to human health, If it can be conclusively demonstrated that the clearly identified
meclianism or mede of action has ne relevance for humans or when the toxicokinetic differences are
so marked that it is certain that the hazardeus property will not be expressed in humans then a
substance which preduces an adverse effect on reproduction in experirnental animals should not be
classified.

180. In some reproductive toxicity studies in experimental animals the only effects recorded
may be considered of low or minimal toxicotogical significance and classification may not
necessarily be the outcome. These include for example small changes in semen parameters or in the
incidence of spontaneous defects in the foetus, small changes in the preportions of commen foetal
variants such as are observed in skeletal examinations, or in foetal weights, or small differences in
postnatal developmental assessments,
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181. Data from animal studies ideally should provide clear evidence of specific reproductive
toxicity in the absence of other, systemic, toxic effects, However, if developmental toxicity occurs
together with other toxic effects in the dam, the potential influence of the generalised adverse effects
should be assessed to the extent possible. The preferred approach is to consider adverse effects in
the emibryo/ioetus first, and then evaluate maternal toxicity, along with any other factors which are
likely to have influenced these effects, as part of the weight of evidence. In general, developmental
effects that are observed at maternal toxic doses should not be automatically discounted.
Discounting developmental effects that are observed at maternal toxic doses can only be done on a
case-by-case basis when a causal relationship is established or refuted.

182. If appropriate information is available it is important to try to determine whether
developmental toxicity is due to a specific maternally mediated mechanisrn or to a non-specific
secondary mechanisin, like maternal stress and the disruption of homeostasis. (enerally, the
presence of maternal toxicify should not be used to negate findiugs of embryo/foetal effects, unless
it can be ciearly demonstrated that the effects are sceondary non-specific effects. This is especially
the case when the effects in the offspring are significant, e.g. irreversible effects such as structural
ialforinations. In some situations it is reasenable to assumne that reproductive toxicity is duc to a
sccondary conseguence of niaternal toxicity and discount the cffects, for cxample if the chemical is
80 toxic that dams fail to thrive and there 1§ severe inanition; they are incapable of nursing pups; or
they are prostrate or dying,

Hazard classes

183, For the purpose of classification for reproductive toxicity, chemical substances are
allocated to one of two categories. Effects on reproductive ability or capacity, and on
development, are considered as separate issues.

CATEGORY 1:

KNOWN OR PRESUMED HUMAN REPRODUCTIVE OR DEVELOPMENTAL
TOXICANT

This Category includes substances which are known to have produced an adverse effect on
reproductive ability or capacity or on development in humans or for whiclithere is evidence
from animal studics, possibly supplernented with other infennation, to provide a strong
presumption that the substance has the capacity to interferc with reproduction in humans.
For regulatory purposcs, a substance can be further distinguished on thie basis of whether the
evidence for classification is primarily from human data (Category 1A} or from animal data

{Catcgory 1B).

CATEGORY 1A: KNOWN to have produced an adverse effect on repreductive
ability or capacity or on development in humans. The placing of the substance in this
category is largely based on evidence from humans,

CATEGORY IB: PRESUMED to produce an adverse effect on reproductive ability or
capacity or on development in humans. The placing of the substanee in this categery is
targely based on evidence from experimental animals, Dala from animal sfudies
should provide ciear cvidence of specific reproductive toxicity in the absence of other
toxic effects, or if occurring together with ether toxic effcets the adverse eifect en
reproduction is considered net te be a secendary non-specific consequence of ether
toxic effects. However, when there is mechanistie information that raises deubt about
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the relevance of the effect for humans, classification in Category 2 may be more
appropriate.

CATEGORY 2:
SUSPECTED HUMAN REPRODUCTIVE OR DEVELOPMENTAL TOXICANT

This Catcgory includes substances for which there is some gvidence from huinans or
cxperimental animals, - possibly supplemented with other information - of an adverse effect
on reproduzctive ability or capacity, or on development, in the absence of other toxic cffects,
or if occuring together with other toxic effects the adverse cffect on reproduction is
considered not 10 be & secondary non-specific consequence of the other toxic effects, and
where the evidence is not sufficiently convincing to place the substance in Category 1. For
instance, deficicncies in the study may make the guality of evidence less convincing, and in
view of this Category 2 could be the more appropriate classification.

EFFECTS ONOR VIA LACTATION

Effects on or via lactation are allocated to a separate single category. 1t is appreciated that
for many substances tlere is no information on the potential to canse adverse effects on the
offspring via lactation. However, for substances which are absorbed by women and have
been shown to interfere with lactation or which may be present {including metabolites) in
breast milk in amounts sufficient to cause concern for the health of a breastfed child, should
be classified to indicate this property hazardous to breastfed babies. This classification can
be assigned on the basis of:

{a) absorption, metabolismn, distribution and excretion studies that would indicate the
likelihood the substance would be present in potentially toxic levels in breast milk; and/or

(b) results of onc or two gencration studies in animals which provide clear ¢vidence of
adverse effect in the offspring duc to transfer in the milk or adverse effect on the guality of
the milk; and/or

(¢} human cvidence indicating a hazard to babies during the lactation period.
BASIS OF CLASSIFICATION

184. Classification is made on the basis of the appropriate criteria, outlined above, and an
assessient of the total weight of evidence. Classification as a reproductive or developmental
toxicant is intended to be used for chemicals which have an intrinsic, specific property to produce an
adverse effect on reproduction or development and chemicals should not be so classified if such an
effcet is produced solely as a non-specific secondary consequence of other toxic effects.

185. In the evaluation of toxic effects on the developing offspriag, it is impeortant to consider
the possible influence of maternal toxicity.

186. For human evidence to provide the primary basis for a Category 1A classification there
must be reliable evidence of adverse effect on reproduction in humans. Evidence used for
classification should ideally be from well conducted epidemiological studies which include the use
of appropriate controls, balanced assessment, and due consideration of bias or confounding factors.
Less rigorous data from studies in humans should be supplemented with adequate data from studies
in experimental animals and classification in Category 1B should be considered.
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i87. Data already generated for classifying chemicals under existing systems should be
acceptable when reviewing these chemicals with regard to classification under the harmonised
system. Further testing should not nofmally be necessary.

EXPLANATORY NOTES
Maternal toxicity

88, Development of the offspring thronghout gestation and during the carly post-natal stages
can be influenced by toxic cffects in the mother cither through non-specific mechanisms related to
stress and the disruption of matemal homeostasis, or by specific maternally-mediated mechanisius.
So, in the interpretation of the developmental outconie te decide classification for developmental
cffects it is imnportant to consider the possible influence of maternal toxicity. This is a complex
issuc because of uncertzinties surrounding the rclationship between maternal toxicity and
developmental outcome. Expert judgement and a weight of cvidence approach, using all available
studics, should be used to determine the degree of influence that should be attributed to matenial
toxicity wlicn interpreting the criteria for classification for developmental effects. The adverse
cffects in the embryo/foetus should be first considered, and then maternal toxicity, along with any
other factors which are likely to have influenced these effects, as weight of evidence, to help reach a
conclusion about classification.

189, Based on pragmatic observation, it is believed, that maternai toxicity may, depending on
severity, influence developinent via non-specific secondary mechanisms, producing effects such as
depressed foetal weight, retarded ossification, and possibly reserptions and certain malformations in
some strains of certain species. However, the limited number of studies which have investigated the
relationship between developmental effects and general matemal toxicity have failed to demonstrate
a consistent, reproducible relationship across species. Developmental effects whicli occur even in
the presence of maternal toxicity are considered to be evidence of developmental toxicity, untess it
can be unequivocally demonstrated on a case by case basis that the developinental effects are
secondary to maternal toxicity. Moreover, classification should be considered where there is
significant toxic effect in the offspring, e.g. irreversible effects such as structural malformations,
embryo/foetal lethality, significaut post-natal functional deficiencies.

190. Classification should not automatically be discounted for chemicals that produce
developmental toxicity only in association with maternal toxicity, even if a specific maternally-
mediated mechanism has been demonstrated. In such a case, classification in Category 2 may be
considered niere appropriate than Category 1. However, when a chemical is so toxic that maternal
deatl or severe inanition results, or the dams are prostrate and incapable of nursing the pups, it may
be reasonable to assume that developmental toxicity is produced solely as a secondary conseguence
of matemal toxicity and discount thie developmental effects. Classification may not necessarily be
the outcome in the case of winor developmental changes ¢.g. small reduction in foetal/pup body
weight, retardation of ossification when seen in association with inatcrnal toxicity.

191. Soinc of the end points used to assess maternal toxicity are provided below. Data on these
end points, if available, needs to be evaluated in light of their statistical or biological significance
and dose response relationship.

Maternal Mortality: An increased incidence of mortality among the treated dams over
the controls sliould be considered evidence of maternal toxicity if the increase occurs in a
dose-related manuer and can be attributed to the systemic toxicity of the test matenal.
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Maternal mortality greater than 10% is considered excessive and the data for that dose
level should not normally be considered for further evaluation,

Mating Index {no. animals with seminal plugs or sperin/no. mated x | 00)*
Fertility Index (no. animals with implants/no. of matings x 100)"
Gestation Length (if allowed to deliver)

Body Weight and Bodv Weight Change: Consideration of the maternal body weight
change and/or adjusted (corrected) maternal body weight should be included in the
cvaluation of maternal toxieity whenever such data are available. The calculation of a
adjusted (corrected) mean maternal body weight change, which is the difference between
the initial and terminal body weight minus the gravid uterine weight (or altematively, the
sum of the weights of the foctuses), may indicate whether the cffect is maternal or
infrauterine. In rabbits, the body weight gain may not be useful indicators of maternal
toxicity becamse of normal fluctuations in body weight during pregnancy.

Eood and Water Consumption (if relevant): The observation of a significant decrease in
1the average food or water consumption in treated dams compared to the control group
may be nseful in evaluating maternal toxicity, particularly when the test waterial is
administered in the dict or drinking water. Cliauges in food or water consumption should
be evaluated in conjunction with maternal body weights when determining if the effects
noted are reflective of nuaternal toxicity or more simply, unpalatability of the test
materdial in feed or water.

Clinical evaluagions (including clinical signs, inarkers, hacmatology and clinical
chemistry studics):  The observation of increased incidence of significant clinical signs
of toxicity in treated dams relative to the control group may be useful in evaluating
maternal toxicity. If this is to be used as the basis for the assessinent of matemal
toxicity, the types, incidence, degree and duration of clinical signs should be reported in
the study. Examples of frank clinical signs of maternal intoxication include: coma,
prostration, hyperactivity, loss of righting reflex, ataxia, or laboured breathing.

Post-inortem data:  Increased incidence and/or severity of post-mortem findings may be
indicative of maternal toxicity. This can include gross or microscopic pathological
findings or organ weight data, e.g., absolute organ weight, organ-to-body weight ratic, or
organ-to-brain weight ratio. When supported by findings of adverse histopathological
effects in the affected organ(s), the observation of a significant change in the average
weight of suspected target organ(s) of treated dams, compared te tliose in the control
group, may be considered evidence of matemal toxicity.

Potency and cut-off doses

192, In the present scheme, the relative potency of a chemical to produce a toxic effect on
reproduction is not included in the criteria for reaching a conclusion regarding classification.
Nevertheless, during the development of this scheme it was suggested that cut-off dose levels should
be included, in order to provide soine means of assessing and categorising the potency of chemicals
for the ability to produce an adverse effect on reproduction. This concept has not been readily
accepted by all member countries because of concerns that any specified cut-off level may be
exceeded by human exposure levels in certain situations, ¢.g. inhalation of volatile solvents, the

t. 11 is recognised that 1his index can also be affecied by 1he male.
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level may be inadequate in cases where humans are more sensitive than the animal model, and
because of disagreements about whether or not potency is a componeut of hazard.

193. There has been interest in this concept to further consider it as 2 future development of the
classification scheme,

Limit dose

194, Member countries appear to be in agreement about the concept of a limit dose, above
which the production of an adverse effect may be considered to be outside the criteria which lead to
classification, However, there is disagreement between members regarding the inclusion within the
criteria of a specified dose as a limit dose. Some Test Guidelines specify a limit dose, other Test
Guidelines qualify the limit dose with a statement that higher doses may be necessary if anticipated
human exposure is sufficiently high that an adequate margin of exposure would not be achieved.
Also, due to species differences in toxicokinetics, establishing a specific limit dese may not be
adequate for situations where humans are more sensitive than tlie animal model.

195, In principle, adverse effects on reproduction seen only at very high dose levels in animal
studies (for example doses that induce prostration, severe inappetence, excessive mortality) would
not pormally lead to classification, unless other information is available, e.g. toxicokinetics
information indicating that humans may be more susceptible than animals, to suggest that
classification is appropriate. Please also refer to the section on Maternal Toxicity for further
guidance in this arca,

196. However, specification of the actual *limit dose’ will depend upon the test method that has
beeny employed to provide the test results, e.g. in the OECD Test Guideline for repeated dose
toxicity studies by the oral route, an upper dosc of 1000 mg/kg unless expected human response
indicatcs the need for a higher dose level, has been recommended as a limit dose,

Animal and experimental data

197. A number of internationally accepted test methods are available; these include methods for
developmental toxieity testing {e.g., OECD Test Guideline 414, ICH Guideline SS5A, 1993},
methods for peri- and post-natal toxicity testing {e.g. ICH S3B, 1995) and methods for one or two-
generation toxicity testing (c.g, OECD Test Guidelines 415, 416).

198, Results  obtained from Screening Tests (e.g. OECD Guidelines 421 -
Reproduction/Developmental Toxicity Screcuing Test, and 422 - Combined Repeated Dose Toxicity
Study with Reproduction/Development Texicity Screening Test) can alse be used to justify
classification, although it is recognised that the quality of this evidence is less reliable than that
obtained from full studies.

199, Adverse effects or changes, seen in short- or long-term repeated dose toxicity studies,
which are judged likely to impair reproductive ability or capacity and which occuor in the absence of
significant generalised toxicity, may be used as a basis for classification, e.g. histopathological
changes in the gonads.

200. Evidence from in vitro assays, or sen-mammalian tests, and from analogous substances
using structure-activity relationship (SAR), can contribute to the procedure for classification. In all
cases of this nature, expert judgement must be used to assess the adequacy of the data. Inadequate
data should not be used as a primary support for classification,
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201. It is preferable that animal studies are conducted using appropriate routes of administration
which relate to the potential route of human exposure. However, in practice, reproductive toxicity
studies are commenly conducted using the oral route, and such studies will normally be suitable for
evaluating the hazardous properties of the substance with respect to repreductive toxXicity, However,
if it can be conclusively demenstrated that the clearly identified mechanism or mode of action has
no relevance for humans or when the toxicokinetic differences are so marked that it is certain that
1he hazardous property will not be expressed in humans then a substance which produces an adverse
effcet on reproduction in experimental animals sheuld not be classified.

202. Studies involving routes of admunistration such as intravencus or intraperitoneal injection,
which may result in exposure of the reproductive organs to wnrealistically high levels of the test
substance, or elicit local damage to the reproductive organs, c.g. by irritation, must be interpreted
witl extreme caution and on their own would not nermally be the basis for classification.

60

199



ENV/AIM/MONO(2001)6

PURPOSE, BASIS AND APPEICABILITY

203. The purpose of this document is to provide a nicans of classifyiug substances that produce
specific, non lethal target organ/systemie toxicity arising from a single exposure. All significant
health effects that can impair function, both reversible and irreversible, immediate and/or delayed
are included.

204. Specific target organ/systemic toxicity following a repeated cxposure is classified
elsewhere in the GHS as a scparate chapter, and therefore, is excluded from the present chapter.
Other specific toxic effects, stich as acute lethality/toxicity, eye and skin corrosivity/irritation, skin
and respiratory sensitisation, carcinogenicity, mutagenicity and reproductive toxicity are assessed
sceparately in the GHS and conscquently are not included here.

205. Specific target organ/systeinic toxicity can occur by any route that is relevant for huinans,
i.c., principally oral, dennal or inhalation.

DEFINITIONS

206, Classification identifies the chemical substance as being a specific target organ/systemic
toxicant and, as such, it may present a potential for adverse health impact to people wlio are exposed
toit.

207. Classification depends upon the availability of reliable evidence that a single exposure to
the substance has produced a consistent and identifiable toxic effect in humans, or, in experimental
animals, toxicelogically significant changes which liave affected the function or morplhclogy of a
tissueforgan, or has produced serious changes to the biochemistry or haematology of the organism
and these changes are relevant for human health. It is recognised that human data will be the
primary source of evidence for this end point.

208. Assessment should take into consideration not only significant changes in a single organ
or biological system but also genesalised changes of a less severe nature involving several organs,
CLASSIFICATION

209. Substances are classified for iminediate or delayed effects separately by the use of expert
judgement on thie basis of the weight of all evidenee available, including the use of recommuended

guidaiice values (see paragraphs 219-223). Then substances are placed in one of two categories,
depending upon the nature and severity of the effect(s) observed.
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CATEGORY 1:

SUBSTANCES THAT HAVE PRODUCED SIGNIFICANT TOXECITY IN HUMANS,
OR THAT, ON THE BASIS OF EVIDENCE FROM STUDIES IN EXPERIMENTAL
ANIMALS CAN BE PRESUMED TO HAVE THE POTENTIAL TO PRODUCE
SIGNIFICANT TOXICITY IN HUMANS FOLLOWING SINGLE EXPOSURE

Placing a substance in Category | is done on the basis of:

¢ reliable and good quality evidence from human cascs or cpidemiological studics;
or,

s observations from appropriate studies in experimental animals in which significant and/or
severe toxic effects of relevance to human health were produced at generally low exposure
concentrations. Guidance dose/concentration values are provided below {see paragraphs
219-223) to be used as part of weight-of-evidence evaluation.

CATEGORY 2:

SUBSTANCES THAT, ON THE BASIS OF EVIDENCE FROM STUDIES IN
EXPERIMENTAL ANIMALS CAN BE PRESUMED TO HAVE THE POTENTIAL TO
BE HARMFUL TO HUMAN HEALTH FOLLOWING SINGLE EXPOSURE

Placing a substance in Category 2 is done on the basis of observations from appropriate studies
in experimental animals in which significant toxic effccts, of relevance to human health, were
produced at generally moderate exposure concentrations, Guidance dose/concentration values
are provided below (see paragraphs 2§9-223) in order to help in classification.

In exceptional cases, human evidence can also be used to place a substance in Category 2 (sce
paragraph 214},

For both categories the classified substance may be named for specific target organ/system that
lias been primarily affected, or as a general systemic toxicant, Attempts should be made to
determine the primary target organ of toxicity and classify for that purpose, e.g. hepatoxicants,
neurotoxicants. Omne should carefully evaluate the data and, where possible, not inclade
secondary effects, e.g., a hepatotoxin can secondarily produce effects of the nervous or gastro-
intestinal systems.

210. The classified substance should be named for the relevant route of exposure.
Criteria
211, Classification is determined by expert judgemnent, on the basis of 1he weight of all

evidence available including the guidance presented below.

212. Weight of evidence of all data, including hwman incidents, cpidemiology, and studies
conducted in cxperimental animals, is usced to substantiate specific target organ/systemic toxic
effects that merit classification,

213, The information required to evaluate specific target organ/systemic toxicity comes cither
from single exposure in humans, e.g., exposure at honie, in the workplace or environmentaliy, or
from studics conducted in experimental animals, The standard animal studics in rats or micc that
provide this information are acute toxicity studics which can include clinical observations and
detailed macroscopic and microscopic examipation to cnable the toxic cffects on target
tissucs/organs to be identified. Results of acute toxicity studies conducted in other species may also
provide relevant information.
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214, In exceptional cases, based on expert judgement, it may be appropriate to place certain
substances with human evidence of target organ/systemic toxicity in Category 2: (1} when the
weight of human evidence is not sufficiently convincing to warrant Category 1 classification,
and/or (2} based on tlie nature and severity of effects. Dose/concentration levels in liumans should
not be considered in the classification and any available evidence from animal studies shiould be
consistent with the Category 2 classification, In other words, if there are also animal data available
on the chemical that warrant Categery 1 classification, the chemical should be classified as Category
L.

Effects Considered To Support Classification

215, Evidence associating single exposure to thie substance with a consistent and identifiable
toxic effect.
216. It is recogniscd that evidence from human expericice/incidents is usuaily restricted to an

adverse health consequence often with uncertainty about exposure conditions, and may not provide
the scientific detail that can be obtained from well-conducted studies in experimental animals,

217. Evidence from appropriate studies in experimental animais can firrnish much niore detail,
in the form of clinical observations, and macroscopic and microscopic pathological examination -
and this can often reveal liazards that may not be life-tlireatening but could indicate functional
impairment. Consequently all available evidenee, and relevance to human health, nust be taken
into consideration in the classification process. Examples of relevant toxic effects in humans and/or
animals are provided below:

e Morbidity resulting from single exposure.

+ Significant functional changes in the central or peripheral nervous systems or other organ
systems, including signs of central nervous systetn depression and effects on special senses
(e.g., sight, hearing and sense of smell).

+ Any consistent and significant adverse change in clinical biochemistry, haematology, or
urinalysis parameters,

s Siguificant organ damage that may be noted at necropsy andfor subsequently seen or
confirmed at microscopic examination.

s Multifocal or diffuse necrosis, fibrosis or granuloma formation in vital organs with
regenerative capacity.

»  Morphological changes that are potentially reversible but provide clear evidence of marked
organ dysfunction.

» Evidence of appreciable cell death (including cell degeneration and reduced cell uumber} in
vital organs incapable of regeneration. '

Effects Considered Not To Support Classification:

218, It is recognised that effects niay be seen that would not justify classification. Examples of
such effects in humans and/or animals are provided below:

+ (Clinical obscrvations or small changes in bodyweight gain, food consumption or water
itake that may hiave some toxicological importance but that do not, by themselves, indicate
"significant” toxicity.
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s Small changes in clinical biochemistry, haematology or urinalysis parameters and/or
transient cffccts, when such changes or effects are of doubtful or minimal toxicological
importance.

e Changes in organ weights with no evidence or organ dysfunction.
e Adaptive responses that are not considered toxicologically relevant,

*» Substance-induced species-specific mechanisms of toxicity, i.e. demonstrated with
reasonable certainty to be not relevant for human health, should not justify classification.

¢  Where there are onty local effects, at the site of administration for the routes tested, and
cspecially when adequate testing by other principal routes show lack of specific target
organ/systemic toxicity.

Guidance values te assist with classification based on the resulis obtained from studies
conducted in experimental animals

219 In order to help reach a decision about whether a substance should be classified or not, and
to what degree it would be classified (Category 1 vs. Category 2), dose/concentration ‘guidance
values’ are provided for consideration of the dose/concentration which has been shown to produce
significant health effects. The principal argument for proposing such guidance values is that all
cheinicals are potentially toxic and there has to be a reasonable dese/concentration above which a
degree of toxic effect is acknowledged.

220. Thus, in animal studies, when significant toxic effects are observed, that wonld indicate
classification, consideration of the dose/concentration at which thesc effects were seen, in relation to
the suggested guidance values, can provide useful information to help assess the need to classify
(since the toxic effects arc a consequence of the hazardous property(ics) and also the
dose/concentration).

221, The guidance value ranges proposed for single-dose exposure which has produced a
significant non-lethal toxic effect are those appiicable to acute toxicity testing, as indicated in Table
4 below:

Table 4: Guidance value ranges for single-dose exposures

Guidance value ranges for :
Route of exposure Units Category 1 Category 2 classification
classification
Oral {rat) mgke bw | ¢ <300 2000 > ¢ > 300
Dermal (rat or rabbit) | mgfkg bw | ¢ < 1000 2000 = c > 1000
Inhalation {rat) gas ppI c <2500 5000 > c>=2500
Inhalation (rat} vapour | mg/1 cx10 20zc¢>10
Inhalation (rat) | mg//4h cs1.0 502¢>1.0
dust/mist/fume
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222, It is important to recognise that the guidance values and ranges mentioned in paragraph
221 above are intended only for guidance purposes, i.., to be used as part of the weight of evidence
approach, and to assist with decision about classification. They are not intended as strict
demarcation values,

223, Thus it i feasible that a specific profile of toxicity is seen to occur at a dose/concentration
below the guidance value, eg, <2000 mg/kg bw by the oral route, however the nature of the effect
may result in the decision not o classify. Conversely, a specific profile of toxicity may be seen in
animal studies occurring at or above 8 guidance value, cg. 22000 mg/kg bw by the oral route, and in
addition there is supplementary information from other sources, c.g. other single dose studies, or
human case experience, which supports a conclusion that, in view of the weight of evidence,
classification would be the prudent action to take.

RATIONALE FOR THE PROPOSED SYSTEM

224, When a chemical is characterised only by use of animal data {typical of new chemicals,
but also true for many existing chernicals}, the classification process would include reference to
dose/concentration guidance values as one of the elements that contribute to the weight of evidence
approach.

225, When well-substantiasted hwman data are available showing a specific targst
organ/systemic toxic effect that can be reliably attributed to single exposure to a chemical substance,
the substance may be classified. Positive human dats, regardless of probable dose, predoniinates
over animal data. Thus, if 2 chemical is unclassified because specific target organ/systemic toxicity
obscrved was considered not relevant or significant to humans, if subsequent human ineident data
become available showing a specific target organ/systeinic toxic effect, e substance should be
classified.

226, A cheniical that has not been tested for specific target organ/systemic toxicity may in
certain instances, where appropriate, be classified on the basis of data from a validated structure
activity relationship and expert judgement-based extrapolation from a structural analogne that has
previously been classified together with substantial support from consideration of other important
factors sucl: as formation of common significant metabolites.

227. It is recogniscd that saturated vapoir concentration may be used as an additional element
by some regulatory systerns to provide for specific health and safety protection.
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PURPOSE, BASIS AND APPLICABILITY

228. The purpose of this docnment is to provide a means of classifying substances that produce
specific target organ/systemic toxicity arising from repeated exposure that is not specifically
addressed elsewhere in the harmonised classification system (GHS). All significant health effacts
that can impair function, both reversible and irreversible, following repeated or long-term exposure,
are included. Other specific toxic effects, such as acute lethality/toxicity, eye and skin
corrosivity/irritation, skin and respiratory sensitisation, carcinogenicity, mutagenicity and
reproductive toxicity are assessed separately in the GHS and consequently are not included in this
chapter.

229. Non-lethal toxic effects observed after a single-event exposure are classified elsewhere in
the GHS as a separate chapter and, therefore, are excluded from the present chapter.

230, Specific target organ/systemic toxicity can occur by any route that is relevant for humans,
i.e., principally oral, dernial or inhalation.

DEFINITIONS

231. Classification identifics the chemical substaice as being a specific target organ/systemic
toxicant and, as such, it may present a potential for adverse health impact to people who are exposed
toit.

232 Classification depends upon the availability of reliable evidence that repeated exposure to
the substance has produced a consistent and ideatifiable toxic effect in humans, or, in experimental
animals, toxicologically significant changes which liave affected the function or morpliclogy of a
tissue/organ, or has produced serious changes to the biochemistry or haematology of the organism
and these changes are relevant for human health.

233. Assessment of specific target organ/systemic toxicity should take into coasideration not
only significant changes in a single organ or biological system but also generalised changes of a less
severe nature involving several organs.

CLASSIFICATION

234, Substances are classified as specific target organ/systemic toxicant by cxpert judgement on

the basis of the weight of all evidence available, including the use of reconunended guidance values
which take into acconnt the duration of exposure and the dose/concentration which produced the
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effect(s), (see paragraphs 244-252), and are placed in one of two categories, depending upon thie
nature and severity of the effect(s) observed.

CATEGORY 1:

SUBSTANCES THAT HAVE PRODUCED SIGNIFICANT TOXICITY IN HUMANS,
OR THAT, ON THE BASIS OF EVIDENCE FROM STUDIES IN EXPERIMENTAL
ANIMALS CAN BE PRESUMED TO HAVE THE POTENTIAL TO PRODUCE
SIGNIFICANT TOXICITY IN HUMANS FOLLOWING REPEATED EXPOSURE,

Placing a substance in Category | is done on the basis of:
reliable and geod quality evidence from human cases or ¢pidemiclogical studies; or,

» observations from appropriate studies in experimental animals in which significant and/or
severe toxic effcets, of relevance to human health, were produced at generaily low
exposure concentrations. Guidance dose/concentration values are provided below (sce
paragraphs 244-252) to be used as part of weight-of- evidence evaluation.

CATEGORY 2:

SUBSTANCES THAT, ON THE BASIS OF EVIDENCE FROM STUDIES IN
EXPERIMENTAL ANIMALS CAN BE PRESUMED TO HAVE THE POTENTIAL
TO BE HARMFUL TO HUMAN HEALTH FOLLOWING REPEATED EXPOSURE.

Placing a substance in Category 2 is donc on the basis of observations from appropriate
studies in experimental animals in which significant toxic cffects, of relevance to human
health, were produced at generally moderate exposurc concentrations.  Guidance
dose/concentration valucs are provided below {scc paragraphs 244-252) in order to help in
classification.

in cxceptional cases human evidence can also be used to place a substance in Category 2
{(sce paragraph 239).

The classified substance may be named for the specific target organ/system that has been
primarily affected, or generally as a gencral systemic toxicant. Attempts should be made to
determine the primary target organ of toxicity and classify for that purmpese, e.g.,
hepatotoxicants, neurotoxicants. (e should carefully evaluate the data and, where possible,
uot include secendary effects, e.g. hepatotoxin can secondarily produce effects of the
nervous or gastro-intestinal systems.

235, The classified substance should be named for the relevant routc of exposure.
Criteria
236, Classification is determined by cxpert judgement, on the basis of the weight of all

evidence available including the guidance presented below,
237, Weight of cvidence of all data, including human incidents, cpidemiology, and studics

conducted in cxperimental animals, is used to substantiatc specific target organ/systemic toxic
effccts that merit classification. This taps the considerable body of industrial toxicology data
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collected over the years. Evaluation should be based on all existing data, including peer-reviewed
published studies and additional dats acceptable to regulatory agencies.

238, The information required te evaluate specific target organ/systemic toxicity comes either
from repeated exposure in lhmmans, €.g., exposure at home, in the workplace or environmentally, or
from studies conducted in experimental animals, The standard animal studies in rats or mice that
provide this information are 28 day, 90 day or lifetime studies {(up to 2 years) that include
haematological, clinicochemical and detailed macroscopic and microscopic examination to enable
the toxic effects on target tissves/organs to be identified. Data from repeat dose studies performed
in other species may also be used. Other long-term exposure studies, eg. for carcinegenicity,
neurotoxicity or repreductive toxicity, may also provide evidence of specific target organ/systemic
toxieity that could be used in the assessment of ¢lassification.

235, In exccptional cases, based on expert judgement, it may be appropriate to place certain
substances with human evidence of target organ/systesmic toxicity in Category 2: (1} when the
weight of human evidence is not sufficicntly convincing to  warrant Category 1 classification,
and/or (2) based on the nature and severity of effects. Dosc/concentration levels in humans should
not be considered in the classification and any available evidence from animal studies should be
consistent with the Category 2 classification. In other words, if there are also animal data available
on the chemical that warrant Category 1 elassification, the chemical should be classified as Class!.

Effcets Considered To Support Classification:

240. Reliable evidence associating repeated exposure to the substance with a consistent and
identifiable toxic cffect.

241, It is recognised that evidence from human experiencefincidents is usvally restricted to an
adverse health consequence, often with uncertainty about exposure conditions, and may not provide
the scientific detail that can be obtained fromn well-conducted studies in experimental animals.

242, Evidence from approptiate studies in experimental animals can fumish nmch more detail,
in the form of clinical cbservations, haematology, clinical chemistry, and macroscopic and
micrescopic pathelogical examination - and this can often reveal hazards that may not be life-
threatening but could indicate functional impairment. Consequently all available evidence, and
relevance to human health, inust be taken into consideration in the classification process. Examples
of relevant toxic effects in humans and/or animals are provided below:

s Morbidity or death resulting from repeated or long-term: ¢xposure. Morbidity or death may
result from repeated exposure, cven to relatively low doses/concentrations, dve to
bicaccumulation of the substance or its metabolites, or accumulation of effect owing to the
ability of the de-toxificaticn process becoming overwhelmed by repeated exposwe to the
substance or its mctabolites.

»  Significant functional changes in the central or peripheral nerveus systems or other organ
systems, including signs of central nervous system depression and effects on special senses
(¢.g., sight, hearing and sense of smel?).

»  Any consistent and significant adverse change in clinical biochemistry, hacmatelogy, or
urinalysis parameters.

+ ' Significant organ damage that may be noted at necropsy and/or subsequently seen or confinned
at microscopic exainination.
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*  Multifocat or diffizse necrosis, fibrosis or granuloma formation in vital organs with regenerative
capacity.

e Momhological changes that are potentially reversible but provide clear evidence of marked
organ dysfunction {e.g., severe fatfy change in the liver).

s Evidence of appreciable cell death (including cell degeneration and reduced cell nunber) in
vital organs incapable of regencration.

Effects Considered Not o Support Classification:

243, It is recognised that effects may be seen that would uot justify classification. Examples of
such effects in lumans and/or animals are provided below:

e Clinical observations or small changes in bodyweight gain, food eonsumption or water intake
that may have some toxicological importance but that do not, by themselves, indicate
“significant” toxieity.

s Small changes in clinical biochemistry, haematology or urinalysis parameters and /or transient
effeets, when such changes or effects are of doubtful or minimal toxicological importance.

e  Changes in organ weights with no cvidence or organ dysfunction.
*  Adaptive responses that are not considered toxicologically relevant.

s Substance-induced species-specific mechanisms of toxicity, i.e. demonstrated with reasonable
certainty to be not relevant for hunian health, should not justify classification.

Guidance values to assist with classification based on the results obtained from studies
conducted in experimental animals

244, In studies conducted in experimental animals, reliance on observation of effects alone,
without reference to the duration of experinkntal exposwre and dose/concentration, omits a
fundamental concept of toxicology, i.e., all substances are potentially toxic, and what determines the
toxicity is a function of the dose/concentration and the duration of exposure. In most studies
conducted in experimental animals the test guidelines use an upper limit dose value.

2435, In order to help reach a decision about whether a substance shiould be classified or not, and
to what degree it would be classified {Category 1 vs. Category 2), dose/concentration ‘guidance
values’ are provided for consideration of the dose/concentration which has been shown to produce
significant healtly effects. The priacipal argument for proposing such guidance values is that all
chemicals are potentially toxic and there has to be a reasonable dose/concentration above which a
degree of toxic effect is acknowledged. Also, repeated-dose studies conducted in experimental
animals are designed to produce toxicity at the highest dose used in order to optimise the test
objective - and so most studies will reveal some toxic effect at least at this highest dose. What is
therefore to be decided is not only what effects have been produced, but also at what
dose/concentration they were produced and liow relevant is that for humans.

246, Thus, in animal studies, when significant toxic cffects are observed, that would indicate
classification, consideration of the duration of ¢xperimental exposure and the dose/concentration at
which these effects were seen, in relation to the suggested guidance values, can provide useful
information to help assess the nced to classify (since the toxic effects are 2 consequence of tle
hazardous property(ics) and also the duration of exposure and the desc/concentration).
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247. The decision to classify at all can be influenced by reference to the dose/concentration
guidance values at or below which a significant toxic effeet has been observed.

248, The guidance values proposed refer basically to effects seen in a staudard 90-day toxicity
study conducted in rats. They can be used as a basis to extrapolate cquivalent guidance values for
toxicity studies of greater or lesser duration, using dose/cxpostire time extrapolation similar to
Haber’s rule for inhalation, which states essentially that the ¢ffective dose is directly proportional to
the exposure concentration and the duration of exposure. The assessment should be done on a case-
by-case basis; e.g., for a 28-day study the guidance values below would be increased by a factor of
three,

249, Thus for Category 1 classification, significant toxic effects observed in & $0-day repeated-
dose study conducted in experimental auimals and seen te oceur at or below the (suggested)
guidance values as indicated in Table 5 below would justify classification:

Table 5: Guidance vaiues to assist in Category I classification

Route of exposure Units Guidance values
(dosc/conecntration)
Oral (rat) mg/kg bw/d i0
Dermal(rat or rabbit) mg/kg bw/d 20
Inhatation (raf)gas ppm/6h/d 50
Inhalation (rat)vapour mg/litre/Gh/d 0.2
Irhalation (rat) dust/mist/fume mgflitre/6h/d 0.02
250. For Category 2 classification, significant toxic effects observed in a 80-day repeated-dose

study conducted in experimental animals and seeu to occur within the (suggested) guidance value
ranges as indicated in Table 6 below would justify classification:

Table 6: Guidance values to assist in Category 2 classification

Route of Exposure Units Guidance Valuc Ranges:
{dosc/concentration)

Oral (rat) mg/kg bw/d 10-100

Dermal (rat or rabbit) mg/kg bw/d 20-200

Inhalation (rat) gas ppm/6h/d 50250

Inhalation (raf)vapous mg/litre/6h/d 0.2-1.0

Inhalation (rat) dust/mist/fume mg/lifre/6h/d 0.02-0.2

251, It is important to recognise that the guidance values and ranges mentioned in paragraphs

249 and 250 are intended only for guidance purposes, i.e., to be used as part of the weight of
evidence approach, and to assist with decisions about classification. They are not intended as sérict
demarcation values.
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252, Thus it is feasible that a specific profile of toxicity is seen to occur in repeat-dose animal
studies at a dose/concentration below the guidance value, eg. <100 mg/kg bw/day by the oral route,
however the nature of the effect, e.g., neplwotoxicity seen only in male rats of a particular strain
known to be susceptible to this effect may result in the decision not to classify. Conversely, a
specific profile of toxicity may be seen in animal studies occurring at or above a guidance value, eg.
=100 mg/kg bw/day by the oral route, and in addition there is supplementary information from other
sources, e.g., other long-term administration studies, or human case experience, which supports a
conclusion that, in view of the weight of evidence, classification would be the prudent action fo
take,

RATIONALE FOR THE PROPOSED SYSTEM

253, When a chemical is characterised only by use of animal data {typical of new cliemicals,
but also true for many existing chemicals), the classification process would include reference to
dose/concentration guidance values as one of the elements that contribute to the weight of evidence
approach.

254, When well-substantiated human data are available showing a specific target
organ/systemic toxic effect that can be reliably attributed to repeated or proleaged exposure to a
chemical substance, the substance may be classified. Positive luman data, regardless of probable
dose, predoininates over animal data. Thus, if a chemical is unclassified because no specific target
organ/systemic toxicity was seen at or below the proposed dose/concentration guidance value for
animal testing, if subsequent human incident data become available showing a specific target
organ/systeniic toxic effeet, the substance should be classified.

255, A chemical that has not beea tested for specific target organ/systemie toxicity may in
certain instances and, where appropriate, be classified on the basis of data from a validated structure
activity relationship and cxpert judgement-based extrapolation from a structural analogue that lias
previously been classified together with substantial suppoert from consideration of other important
factors such as formation of commnon siguificant metabolites.

256, It is recoguised that saturated vapour conccntration may be used as an additional clement
by some rcgulatory systems to provide for speeific health and safety protection.
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PURPOSE, BASIS AND APPLICABILITY

257, The harnionised systern for classifying cheinical substances for the hazards they present to
the aquatic environment is based on a consideration of the existing systems listed below. The
aquati¢ environment may be considered in terms of the aquatic organisms that live in the water, and
the aquatic ecosystem of which they are part. To that extent, the proposal does not address aquatic
pollutants for which there may be a need to consider effects beyond the aquatic environment such as
the impacts on human health etc. The basis, therefore, of the identification of hazard is the aquatic
toxicity of the substance, although this may be modified by further information on the degradation
and bioaccumulation behaviour,

258. The proposed system is intended specifically for use with chemical substances and is not
intended at this stage to cover preparations or other mixtures such as forinulated pesticides. lts
application to mixtures is described in Part 3, Chapter 3.9. While the scheme is intended to apply to
all substances, it is recognised that for some substances, ¢.g. metals, poorly soluble substances etc.,
special gnidance will be necessary.

259. A Guidance Document has becn prepared to cover issues such as data interpretation and
the application of the criteria defined below to such groups of substances. Considering the
complexity of this endpoint and the breadth of the application of the system, the Guidance
Bocument is considered an important element in the operation of the harmonised scheme {(see
Annex 2 of this document).

260. Consideration has been given to cxisting classification systcms as currently in use,
induding the EU Supply and Usc Scheme, the revised GESAMP (Group of Experts on the
Scientific Aspcets of Marine Environmental Protection) hazard evalnation procedure, IMO Scheme
for Marine Pollutant, the European Road and Rail Transport Scheme (RID/ADR), the Canadian and
US Pesticide systems and the US Land Transport Sclhicme. The liarmonised scheme is considered
suitable for use for packaged goods in both supply and use and multimodal transport schenies, and
elements of it may be used for bulk land transport and bulk marine transport under MARPOL 73/78
Annex Il insofar as this uses aquatic toxicity.

DEFINITIONS AND DATA REQUIREMENTS

261, The basic elements for use within the harmonised system are:

- acute aquatic toxicity;

- potential for or actial bivaccumulation;

- degradation (biotic or abiotic) for organic chemicals; and
- chronic aquatic toxicity.

262. While data from internationally harmonised test methods are preferred, in practice, data
from national methods may also be used where they are considered as cquivalent. In general, it has
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been agreed that freshwater and marine species toxicity data can be considered as equivalent data
and are preferably to be derived using OBECD Test Guidelines or equivalent according to the
principles of GLP, Where such data are not available classification should be based on the best
available data.

Acute toxicity

263, Acute aquatic toxicity would normally be determined using a fish 96 hour LCsy {OECD
Test Guideline 203 or equivalent), a crustacea species 48 hour ECsy {OECD Test Guideline 202 or
equivalent) and/or an algal species 72 or 96 hour ECsy (OECD Test Guideline 201 or equivalent).
Thesc species are considered as surrogate for all aquatic organisms and data on other species such as
Lermma may also be considered if the test methodology is suitable.

Bioaccumulation potential

264, The potential for bicaccumulation would normally be detenuined by using the
octanol/water parfition cocfficient, usually reported as a log Kow determined by OECD Test
Guideline 107 or 117. While this represents a potential to bioaccumulate, an cxperimentally
determined Bioconcentration Factor {BCF) provides a better ncasure and shounld be used in
preference when available. A BCF should be determined according to OECD Test Guideline 305.

Rapid degradability

265, Environmental degradation may be biotic or abiotic {e.g. hydrolysis) and the criteria used
reflect this fact (Anncx T). Ready biodegradation can most easily be defined usiug the OECD
biodegradability tests OECD Test Guideline 301 (A - ¥). A pass fevel in these tests can be
considered as indicative of rapid degradation in most environments. These are freshwater tests and
thus the use of the results from QECD Test Guideline 306 which is more suitable for marine
environments has also been included, Where such data are not available, a BOD{5 days)/COD ratio
>0.5 is considered as indicative of rapid degradation.

266. Abiotic degradation such as hydrolysis, primary degradation, both abiotic and biotic,
degradation: in non-aquatic media and proven rapid degradation in the environmeut may all be
considered in defining rapid degradability. Special guidance on data interpretation will be provided
in the Guidance Document.

Chronie toxicity

267. Chronic toxicity data are less available than acute data aud thic range of testing procedures
less standardiscd. Data generated according to the OECD Test Guidelines 210 (Fish Early Life
Stage), or 211 (Daphnia Reproduction) and 201 (Algal Growth Inlibition} can be accepted. Other
validated aud internationally accepted fests could also be used. The NOECs or other equivalent
L{E)Cx should be used. )

CLASSIFICATION CATEGORIES AND CRITERIA
268. Substanecs classified under the following criteria will be categorised as ‘hazardous to the

aquatic cnvironment’. Tlese criteria describe in detail the classification categories detailed
diagrammatically in Appendix 2 to this chapter.
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Acute toxieity

Category: Acute ]l
Acute toxicity:

96 hr LCs (for fish) <l mg/l. and/or
48 hr ECs; (for crustacea) <l mg/L. and/or
72 or 96hr ErCs, (for algae or other aquatic plants) <l mg/L.

Category: Acute I may be subdivided for some regulatory systems to include a lower band at
L{E)Cs0<0.1 mg/L..

Categorv: Acutell
Acute toxicity:

96 hr LCs, (for fish) >1 - <10 mg/l. and/or
48 hr ECsq (for crustacea) >1 - <10 mg/L and/or
72 or 96l ErCs, {for algac or other aquatic plants) >] -<1¢ mg/L.

Catesory: Acute 111
Acute toxicity:

96 lir E.Csg (for fish) >10-<100 mg/L. and/or
48 hr ECs, (for crustacea) >10 - €100 mg/L. and/or
72 or 96hr ErCs, (for algae or other aquatic plants) >10 - €100 mg/L.

Some regulatory systems may extend this range beyond an L(E)Csq of 100 mg/L through the
infroduction of ancther category.

Chronic texicity

Category: Chronicl

Acute toxicity:
96 hr £.Cs (for fish) <1 mg/L and/or
48 hr ECs, (for crustacea) <l mg/L. and/or
72 or 96hr ErCs, (for algae or other aquatic plants) <1 mg/L

and the substance is not rapidly degradable and/or the log Kow 2= 4 (unless the
experimentally determined BCE <500).

Categorv: Chronie IT
Acute toxicity

96 hr LCsp (for fish) >1 to <10 mg/L. and/or
48 hr ECs (for crustacea) >] to €10 mg/L. and/or
72 or 96hr ErCs; (for algae or other aquatic plants) > to <10 mg/l

and the substance is not rapidly degradable and/or the log Kow 24 (unless the experimentally

determined BCF <500), unless the chronic toxicity NOECs are > 1 mg/i.,

Catesory: Chronic I11
Acute toxicity:

96 hr L.Cs (for fish) >14 to £100 mg/L and/or
48 hr ECsy (for crustacea) >10 to <100 mg/L and/or
72 or 96hr ErCs, (for algae or other aquatic plants) >10 te £100 mg/L

and the substance is not rapidly degradable and/or the log Kow 24 (unless the experimentally
determined BCF <500} unless the chronic toxicity NOECs ar¢ >1 mg/L..

74

213



ENV/IM/MONO(2001)6

Category: ChroniciV

Poorly soluble substances for which no acute toxicity is recorded at levels up to the water
solubility, and which are not rapidly degradable and have a log Kow = 4, indicating a
potential to bioaccumulate, will be classified in this category unless other scientific evidence
exists showing classification to be unnecessary. Such evidence would include an
experimentally determined BCF <300, or a chronic toxicity NOECs >1 mg/L, or evidence of

rapid degradation in the environment,

RATIONALE FOR THE SYSTEM

269. The system for classification recognises tliat the core infrinsic hazard to aquatic organisms
is represented by both the acute and chronic toxicity of a substance, the relative importance of which
is determined by the specific regulatory system in operation. Distinction can be made between the
acute hazard and the chironic hazard and therefore separate hazard categories are defined for beth
properties representing a gradation in the level of hazard identified. The lowest of the available
toxicity values will normally be used to define the appropriate hazard category(ies}). There may be
circumstances, however, when a weight of evidence approach may be used. Acute toxicity data are
the most readily available and the tests used are the most standardised. For that reason, these data
form the core of the classification system.

270. Acute toxicity represents a key property in defining the hazard where transport of large
quantities of a substance may give rise to shori-term dangers arising from accidents or major
spillages. Hazards categories up to L(E)Cs values of 100 mg/l. are thus defined although
categories up to 1000 mig/I, may be used in certain regulatory frameweorks. The Acute: Category 1
may be further sub-divided to include an additional category for acute toxicity L{E)Csy <0.1 mg/L in
certain regulatory systems such as that defined by MARPOL 73/78 Annex I, It is anticipated that
their use would be restricted to regulatory systems conceming bulk transport.

271. For packaged substances it is considered that the principal hazard is defined by chronic
toxicity, although acute toxicity at L(E)Csp levels <1 mg/L. are also considered hazardons, Levels of
substances up to 1 mg/L are considered as possible in the aquatic cnvironment following normal use
and disposal. At toxicity levels above this, it is considercd that the short-term toxicity itsclf docs not
describe the principle hazard, which arises from low concentrations causing effects over a longer
time scale. Thus, a number of hazard categorics are defined which are bascd on levels of chronic
aquatic toxicity. Chronic toxicity data are not available for many substances, however, and it is
necessary to use the available data on acute toxicity to estimate this property. The intrinsic
properties of a lack of rapid degradability and/or a potential to bioconcentrate in combination with
acute toxicity may be used to assign a substance to a chronic hazard category. Where chronic
toxicity is available showing NOECs >1 mg/L, this would indicate that no classification in a chronic
hazard category would be necessary. Equally, for substances with an L{E)Csp >100 mg/L,, the
toxicity is considered as insufficient to warrant classification in most regulatory systems.

272. While the current system will continue to rely on the use of acute toxicity data in
combination with a lack of rapid degradation and/or a potential to bioaccumulate as the basis for
classification for assigning a clonic hazard category, it is recognised that actual chronic toxicity
data would form a better basis for classification where these data are available, It is thus the
intention that the sclieme should be further developed to accommodate such data. It is anticipated
that in such a further development, the available chronic toxicity data would be used to classify in
the chronic hazard in preference to that derived from their acute toxicity in combination with a lack
of rapid degradation and/or a potential to bioaccumulate.
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273, Recognition is given to the classification goals of MARPOL 73/78 Annex i which covers
the transport of bulk quantities in ships tanks, whicli are ainied at regulating operational discharges
from ships and assigning of suitable ship types, They go beyond that of protecting aguatic
ecosystems, although that clearly is included. Additional hazard categories may thus be used which
take account of factors such as physico-chemical properties and mamnialian toxicity.

EXPLANATORY NOTES

274, The organisms fish, crustacea and algae are tested as surrogate species covering a range of
trophic levels and taxa, and the test metliods are highly standardised. Data on other organisms may
also be considered, however, provided they represent equivalent species and test endpoints. The
algal growth inhibition test is a chronic test but the ECs is treated as an acute valuc for
classification purposes. This ECsy should normally be based on growth rate inhibition. If only the
EC4 based on reduction in biomass is available, or it is not indicated which ECsy is reported, this
value 1nay be usced in the same way,

275, Aquatic toxicity testing by its nature, involves the dissolution of the substance under test
in the water media used and the maintenance of a stable bioavailable exposure concentration over
the course of the test. Some substances are difficult to test under standard procedures and thus
special guidance has been developed on data interpretation for these substances and how the data
should be used when applying the classification criteria {Anncx 3 to this docurnent).

276, It is the bicaccumulation of substances within the aquatic organisms that can give rise to
toxic effects over longer time scales even when actual water concentrations are low. The potential
te bioaccurmulate is determined by the paritioning between n-octanol and water. The relationship
between the partition coefficient of an organic substance and its bioconcentration as measured by
the BCF in fish has considerable scientific Hterature support. Using a cut-off value of log K(o/w) 2
4 is intended to identify only those substances with a real potential to bioconcentrate. In recognition
that the log P(o/w) is only an imperfect surrogate for a measured BCF, such a measured value would
always take precedence. A BCF in fish of <500 is considered as indicative of a low level of
bioconcentration.

277. Substances that rapidly degrade can be quickly removed frony the environment, While
effects can occur, particularly in the cvent of a spillage or accident, they will be localised and of
short duration. The absence of rapid degradation in the environment can mean that a substance in
the water lias the potential to exert toxicity over a wide temporal and spatial scale, One way of
demonstrating rapid degradation utilises the biodegradation screening tests designed to determine
whether a substance is ‘readily biodegradable’. Thus a substance which passes this sercening test is
one that is likely to biodegrade ‘rapidly’ in the aquatic environment, and is thus unlikely to be
persistent. However, a fail in the screening test does not necessarily mean that the substance will
not degrade rapidly in the environment. Thus a further criterion was added which would allow the
use of data o show that the substance did actually degrade biotically or abiotically in the aquatic
environment by >706% in 28 days. Thus, if degradation could be demonstrated under
environmentally realistic conditions, then the definition of ‘rapid degradability’ would have been
met. Many degradation data are avaitable in the forni of degradation half-lives and these can also be
used in defining rapid degradation, Details regarding the interpretation of these data is further
elaborated in the Guidance Document {Aanex 3). Some fests measure the ultimate biodegradation
of the substance, i.e. full mincralisation is achicved. Primary biodegradation would not nonnally
quatify in the assessment of rapid degradability unless it can be demonstrated that the degradation
products de not fulfil the criteria for classification as hazardous to the aquatic environment.
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278. It must be recognised that environmental degradation may be biotic or abiotic (e.g.
hydrolysis} and the criteria used reflect this fact. Equally, it must be recognised that failing the
ready biodegradability criteria in the OECD tests does not mean that the substance will 1ot be
degraded rapidly in the real environment. Thus where such rapid degradation can be shown, the
substance should be considered as rapidly degradable. Hydrolysis can be considered if the
hydrolysis preducts do not fulfil the criteria for classification as hazardous to the aquatic
environment, A specific definition of rapid degradability is included as Appendix i, Other
evidence of rapid degradation in the environmeut may alse be considered and may be of particular
importance where the substances are inhibitory to microbial activity at the concentration levels used
in standard testing. The range of available data and guidance on its interpretation are provided in
the Guidance Document {Annex 2).

279. For inorganic compounds and metals, the concept of degradability as applied to organic
compounds has limited or no meaning. Rather the substance may be transformed by normal
environmental precesses te either increase or decrease the bioavailability of the toxic specics.
Equally the use of bieaccumulatien data should be treated with care. Specific guidance is previded
in Annex 2 on how thesc data for such materials may be uscd in meeting the requirements of the
classification criteria.

280, Poorly soluble inorganic conpoinds aind metals may be acutely or clwonically toxic in the
aquatic environment depending on the intrinsic toxicity of the bioavailable inorganic species and the
rate and amount of this species which may cnter solution. A protocol for testing these poorly
solublc materials is being developed and is included in Annex 3.

281. The system also introduces as “safety net’ clagsification {Category: Chronic [V) for use
when the data available do not allow classification under the forinal criteria but there are
nevertheless some grounds for concern. The precise criteria are not defined with one exception. For
poorly water soluble organic substances for which 1o toxicity has been demonstrated, classification
can occur if the substance is both not rapidly degraded and has a potential to bioaccumulate. It is
considered that for suck poorly soluble substanees, the toxicity may not have been adeguately
assessed in the short-term test due to the low exposure levels and potentially slow uptake into the
organism. The need for this classification can be negated by demonstrating the absence of long-
term effects, ie. a long-term NOECs > water solubility or | mg/L, or rapid degradation in the
environment.

282, While experimentally derived test data are preferred, where no experimental data arc
available, validated Quantitative Structure Activity Relationships (QSARs) for aquatic toxicity and
log Kow may be used in the classification process. Such validated QSARs may be used without
modification to the agrced criteria, if restricted to chemicals for which their mode of action and
applicability arc well characterised. Validity may bc judged according to the criteria established
within the USEPA/EU/Japan Collaborative Project. Reliable calculated toxicity and log Kow values
should be valuable in the safety net context. QSARs for predicting ready biodegradation are not yet
sufficiently accurate to predict rapid degradation.

71

216



ENVAIM/MONOL001)6

APPENDIX 1 to Chapter 2.10:
RAPID DEGRADABILITY
Substances are considercd rapidly degradabic in the environment if the following criteria hold true:
a) if in 28-day rcady biodegradation studics, the following levels of degradation arc achieved;
- tests bascd on dissolved organie carbon: 70%
- tests based on oxygen depletion or carbon dioxide generation: 60% of theoretical maxima

These levels of Hodegradation must be achieved within 10 days of the start of degradation which
point is taken as the time when 10% of the substance has been degraded.

or

b) if, in those cases where only BOD and COD data are available, when the ratio of BODS/COD is
20.5

or
c) if other convincing scientific evidence is availabie to demonstrate that the substance can be

degraded (biotically and/or abiotically) in the aquatic environment to a level >70% within a 28 day
period.
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APPENDIX 2 to Chapter 2.10:

Classification Scheme for Substances Hazardous to the Aquatic Environment

Note 1b.

Note 2a.

Note 2b.

Note 3.

Note 4,

Notc 5.

Toxicity Degradability; Bioaccumulation Classification categories
(note 3) {note 4)
Acute Clironic .
(note 1) (note 2) Acute Chronic
[Box I Box 5 Box 6 Category: Category:
value £ 1.00 Acute I Chronic ]
Box 1 Boxes 1+5+6
Boxes 1+5
Boxes 1+6
Box 2 Category: Catcpory:
Acute II Chronic IT
1.00 < value lack of rapid {BCF 2 300 or, Box 2 Beoxes 2+5+6
£10.0 degradability {if absent Boxes 2+5
log Kow = 4 Boxes 2+6
Unless Box 7
Box 3 Category: Categorv:
10.0 < value Acute 111 |Chronjc {11
Box 3 Boxes 3+5+6
Boxes 345
<100 Boxes 3+6
Unless Box 7
Box 4 Box 7 Category:
No acute value > Chronic IV
toxicity (note 5} |1.00 Boxes 4+5+6
Unless Box 7
Notes to the table:
Note 1a. Acute toxicity band based on L(E)C-30 values in mg/L for fish, crustacea and/or algae or

other aquatic plants (or QSAR estimation if no experimental data).

Where the algal toxicity ErC-50 [ = EC-50 {growth rate)] falls more than 100 times helow
the next most sensitive specics and results in a classification based solely on this effect,
consideration should be given to whether this toxicity is representative of the toxicity to
aquatic plants. Where it can be shown that tlis is uot tlic case, professional judgement
shiould be used in deciding if classification should be applied. Classification should be
based on the ErC-50. In circumstances where the basis of the EC-50 is not specified and
no¢ BrC-50 is recorded, classification should be based on the lowest EC-50 available,
Chronic toxicity band based on NOEC values in mg/L. for fish or crustacea or other
recognised measures for long-term toxicity.

It is the intention that the system be further developed to include chronic toxicity data.
Lack of rapid degradability is based on either a lack of Ready Biodegradability or other
evidence of lack of rapid degradation.

Potential to bioaccumulate, based on an experimentally derived BCF 2 500 or, if absent, a
log Kow 2 4 provided log Kow is an appropriate descriptor for the bioaccumulation
potential of the substance. Measured log Kow values take precedence over estiniated
valucs and measzired BCF valuces take precedence over log Kow values,

“No acute toxicity”” is taken to mean that the L(E)C-50 is gsbove the water solubility. Also
for poorly soluble substances, (w.s. < 1.00 mg/L), where there is evidence that the acute
test would not have provided a true measure of the intrinsic toxicity,
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INTRODUCTION

283, Part 2 of this document describes the harmonised classification criteria for chemical
substances for specific health and envirommental cndpoints, viz., acnte toxicity, skin and ¢ye
irritation/corrosion, contact and respiratory sensitisers, germ cell mutagenicity, carcinogenicity,
reproductive toxicity, specific target organ toxicity, and aguatic hazards in the environment.

284, The development of these criteria for substances was part of the overall process to meet
the objective defined, as one of six action programs, under Chapter X1X of the UN Conference on
Environment and Bevelopment (UNCED) Agenda 21, namely: a globally hannonised hazard
classification and compatible labelling system (GHS) including material safety data shects and
easily understood symbols, Part 1 of this document provides a description of the organisation and
processes involved in the develepment of the GHS and the role of OECD, and should be consulted
for further details.

285. OECD had formed an Advisory Group on Harmonisation of Classification and Labelling
(AG-HCL) to pursue the development of the criteria for substances in the Integrated Document. An
OECD Expert Group was subsequently fornied to pursue the development of hazard classification
criteria for chemical mixtures. The Expert Group on Classification Criteria for Chemical Mixtures
followed similar processes to thosc established under the AG-HCL to achieve consensus on criteria
for mixtures, including the development of docuiments in a stepwise manner as summarised below:

Step 1:

A thorough analysis of existing classification systems, including the scientific basis for the
system and its criteria, its rationale and explanation of the mode of use.

Approaches analysis:

Many complex issues were identified that would require some reselution before a Step 2
document could be developed. Therefore, an analysis of these issues was carried out to
identify critical issues together with some approaches to resolution, as an intermediate step
in the process.

Step 2:

A proposal for a harmonised classification system and criteria for each endpoint was
developed.

Step 3;

(a) The Expert Group on Classification Criteria for Chemical Mixtures reached consensus
on a Step 2 proposal; or

(b) Any specific non-congensus items were identificd as altematives.

Step 4:
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The final proposal and any non-consensus items were reviewed by the OECD AG-HCL and
approved by the OECD Joint Meeting and subsequently submitted to the [OMC CG-HCCS
for global implementation.

286. As experience with the use of the system is accumulated, and as new scientific information
emerges, the test methods, the interpretation of the test data and the hannonised criteria per se may
have te be updated. Thus, international work will continue to be needed in the future and,
depending on the nature of the foture international instrument for the implementation of the GHS,
decisions will have to be made on the mechanism for carrying out the updating work in the foture,

GENERAL CONSIDERATIONS
Scope of the Harmenised Classification System

287. The work on harmonisation of hazard classification and labelling focuscs on a harmonised
systemn for all chemicals and mixtures of chemicals. The application of the ingredicents of the system
may vary by type of product or stage of the life cyele. The classification system applies to pure
chemical substances, and to mixtures of chemical substances.

288. One objective of the harmonised classification system is for it to be simple and
transparent with a clear distinction between categories in order to allow for sclf classification as far
as possible. For many endpoints the criteria are semi-quantitative or qualitative and expert
Judgement is required to interpret the data for classification purposes. Furtliermore, for some
endpoints, e.g., eye irritation, a decision tree approach is given as an example,

289, Articles as defined in the US OSHA Hazard Communication Standard (2% CFR
1910.1200), or by similar definition, are outside the scope of this document.

Presentation of Criteria

260, The GHS itself does not include requirements for testing chemicals. Thercfore, there is
no requirement under the GHS to generate test data for any endpoint. It is recognised that some
parts of regulatory systems do require data to be generated {e.g., pesticides), but these requirements
are not related specifically to the GHS.. The criteria established for classifying a mixture will allow
the use of available data for the mixture itself and Jor siinilar mixtures and /or data for ingredients of
the mixture.

291, The classification. criteriz arc presented in chapters, each of which is for a specific
endpoint or a group of closely related codpoints. These chapters are based on the criteria for
substances presented in the Integrated Document. The recommended process of classification for all
endpoints is in the following sequence:

{1} Where test data are available for the complete mixture, the classification of the mixture
will always be based on that data.

{2} Where 1cst data are not available for the mixture itself, then the bridging principles
should be considered to see whether they permit classification of the mixture,

{3) If {1) test data arc not available for the mixture itself, and (2), the available inforniation
is not suffictent to allow application of the bridging principles then the agreed
method(s) described in each chapter for cstimating the hazards based on the inforination
known will be applicd to classify the mixture.
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Test Methods and Test Data Qnalit)f1

292, The classification of a mixture, when it has been tested for a specific endpoint, depends
both on the criteria for that endpeint and on the reliability of the test methods. In some cases the
classification is determined by a pass or fail of a specific test, while in other cases, interpretations
are made from dose / response curves and observations during testing. In all cases, the test
conditions need to be standardised so that the results are reproducible with a given mixture and the
standardised test yields valid data for defining the endpoint of concern. I this context, validation is
the process by which the reliability and the relevance of a precedure are established for a particular

purpose.

293, Tests that determine hazardous properties that are conducted according to intematioually
recognised scientific principles can be used for purposes of a hazard determination for health and
environmental hazards, The GHS criteria for determining health and environmental hazards should
be test method neutral, allowing different approaches as long as they are scientifically sound and
validated according te international procedures and criteria already referred to in existing systems
for the endpoint of concern and produce mummally acceptable data.

Previously Classified Chemicals

294, One of the general principles established by the IOMC-CG-HCCS states that test data
already generated for the classification of chemicals under the existing systems should be accepted
when classifying these cliemicals under tlie harmonised system thereby avoiding duplicative testing
and the unnecessary use of test animals. This policy has important implications in those cases
where the criteria in the GHS are differcnt from those in the existing system. In some cascs, it may
be difficult to determine the quality of existing data from older studies. In such cases, expert
judgement will be needed.

Substances / Mixtures Posing Special Problems

295, The effect of a mixiure on biological and environmental systems is influenced, inter alia,
by the physico chemical properties of the mixture and / or the ingredient substances in the mixture
and the way in which ingredient substanices are biologically available, Some groups of substances
may present speeial problems in this respeet, for example, some polymers and metals. A mixture
need not be classified when it can be shown by conclusive experimental data from internationally
acceptable test methods that the mixture is not biologically available. Similarly, the result of such
bicavailability data on ingredients of a mixture should be vsed in conjimetion with the hiarmonised
classification criteria when classifying thesc mixtures.

Animal Welfare

296. The welfare of experimental animals is a concern. This ethical concern includes not oaly
the alleviation of stress and suffering but alse, in some countries, the use and consumption per se of
test animals. Where possible and appropriate, tests and ¢xperiments that do not require the use of
live animals are preferred to those using sentient live experimental animals. To that end, for certain
endpoints (e.g., skin and eye irritation/corrosion) testing schemes starting with non-animal
observations/measurements are included as part of the classification system. For other endpoints

! Paragraphs 292-306 are similar or idemical 10 paragraphs 17-31 of Par 1 of this document. They arc
repealed here in case Part 3 is used as a sland-alone document.
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such as acute toxicity, aiternative animal tests, using fewer animals or causing less suffering are
internationally accepted and should be preferred to the conventional LD50 test.

Expert Judgement

297. The approach to classifying mixtures includes the application of expert judgement in a
number of arcas in order to ensure existing information can be used for as many inixturcs as
possible to provide protection for human health and the environment.

Evidence from Humans

298, For classification purposes, reliable epidemiological data and experience on the effects of
chemicals on humans {¢.g., occupational data, data from accident data bases) should be taken into
account in the evaluation of hunan health hazards of a chemical. Testing on humans solely for
hazard identification purposes is generally not acceptable.

Weight of Evidence

299, For some hazard endpeints, classification results directly when the data satisfy the criteria.
For others, classification of a substance or mixture is made on the basis of the total weight of
evidence. This means that all available information bearing on the determination of toxieity is
considered together, including the results of valid in vitro tests, relcvant animal data, and human
experience such as epidemiological and clinical studies and well-documented case reports and
obscrvations.

300. The quality and consistency of the data are important. Ewvaluation of substances or
mixtures related to the materjal under stucdy should be included, as should site of action and
mechanism or mode of action study results. Both positive and negative results are assembled
together in a single weight of evidence determination.

301. Positive effects which are consistent with the criteria for clagsification in each chapter,
whether seen in humans or animals, will normally justify classification. Where evidence is available
from both sources and there is a conflict between the findings, the quality and reliability of the
cvidende from both sources imust be assessed in order to resclve the question for classification.
Generally, data of good quality and reliability in bumans will have precedence over other data.
However, even well-designed and conducted epidemiological studies may lack sufficient numbers
of subjects to detect relatively rare but still significant effeets, or to assess poteatially confounding
factors. Positive resuits from well-conducted animal studies are not accessarily negated by the lack
of positive human experience but require an assessinent of the robustness and quality of both the
human and animal data relative to the expected frequency of occurrence of effects and the inpact of
potentially confounding factors.

302. Route of exposure, mechanistic information and metabolism studies are pertinent to
determining the relevance of an cffeet in humans. When such information raises doubt about
relevance in humans, a lower classification may be warranted. When it is clear that the mechanism
or mode of action is not relevant to humans, the substance or mixture should not be elassificd.

303. Both positive and ncgative results are assembled together in the weight of evidence

dctermination. However, a single positive study performed according to good scientific principles
and with statistically and biologically significant positive resulis may justify classification.
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BUILDING BLOCK APPROACH

304. At various times during the development of harmonised classification criteria, concemns
have arisen concerning the way a harmonised classification system might be used and whetlier it
would meet the needs of its various end-users,

303, Onie of the consequences of the application of the classification system is expressed in the
1OMC CG/HCCS General Principle {c):

“Harmonisation means cstablishing a common and coherent basis for chemical liazard
classification and communication, from wlich the appropriate clements relevant to means
of transport, consumer, worker and cnvironmnent protection can be selected.”

The application of the classification scheme may vary according to the circunistances, type of
product and stage of the life eycle of the chemical.

306. It is essential that the types and Jevels of hazards be recognised as a fundamenta) basis for
the harmonised classification systeni.  For hazard classification the use of categorics and
subcategorics other than those specified in the GHS would be contrary to harmonisation.

DEFINITIONS

307. In order to ensure that everyone understands the provisions for classifying mixtures,
definitions of certain terms are required. These definitions are for the purpose of evaluating or
determining the hazards of a product for classification and labelling, and are not intended to be
applied in other situations such as inventory reporting. The intent of the definitions as drawn is to
ensure that 1) all products within the scope of the Globally Harmonised System are evaluated to
determine their hazards, and are subsequently classified according to the GHS criteria as
appropriate; and 2) the evaluation is based on the actual product involved, i.e., on a stable product.
if a reaction occurs duriig manufacture and a new product evelves, a new hazard evaluation and
classification must take place to apply the GHS to the new product.

308. The following have been accepted as “working definitions™

Substance: Chemical elements and their compounds in the natural state or obtained by any
production process, including any additive necessary to preserve the stability of the product
and any impurities deriving from the process used, but excluding any solvent which may be
separated without affecting the stability of the substance or changing its composition.

Guidance on the use of hazard classification of a substance: Where impurities, additives or
individual constituents of a substance have been identified and are themselves classified,
they shall be taken into account during classification if they exceed the cut-off
value/concentration limit for a given endpoint.

Mixture; Mixtures or solutions composcd of two or mmore substances in which they do not
react,

Alloy:  An alloy is a metallic material, homogencous on a macroscopic scale, consisting of
two or more clenients se combined that fhey cannot be readily separated by mechanical
means. Alloys are cousidered to be mixtuyres for the purposc of classification under the
GHS.
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309, It is recognised, as a practical matter, that some substances may react slowly with
atmospheric gases, e.g., oxygen, carbon dioxide, water vapour, to form different substances; or they
may react very slowly with other ingredient substances of a mixture to form different substances; or
they may self-polymerise to form cligomers or polymers. However, the concentrations of different
substances produced by such reactions are typically considered to be sufficiently low that they do
not affect the hazard classification of the mixture.

310. It is recognised that consistency mwust be maintained between the definitions used for
substances and mixtures.

Definition of *Classification™

31l It is propesed to use the term hazard classification in the GHS, as opposed to
classification, to indicate that only the intrinsic hazardous properties of substances or mixtures are
considered.

312 Hazard classification incorporates ondy 3 steps, viz,,

» identification of relevant data regarding the hazards of a substance or mixture

» subsequent revicw of those data to ascertain the hazards associated with the substance
or mixture, and

» a decision on whether the substance or mixture will be classified as a hazardous
substance or mixture and the degree of hazard, where appropriate, by comparison of the
data with agreed hazard classification criteria.

313, As noted by the IOMC Co-ordinating Group, it is recognised that once a chemical is
classified, the likelihood of adverse effects may be considered in deciding what informational or
other steps should be taken for a givea product or use seting (Ref: GHS Scope Clarification in
Document - [OMC/CG13/99.2 dated 11.08.98).

The Use Of Cut-off Values/Concentration Limits

314, When classifying an untested mixture through the hazards of its ingredients, generic cut-
off values or concentration limnits for the classificd ingredients of the mixture arc used for several
endpoints in the GHS. While the adopted cut-off values/concentration limits adequately identify the
hazard for most mixtures, there may be some that contain hazardous ingredients in smaller
concentrations tlian the harmonised cut-off value/concentration limit that still pose an identifiable
hazard. There may also be cases where the harmonised cut-off value/concentration linit is
considerably lower than could be expected on the basis of an established non-hazardous level for an
ingredient.

315, Normally, the generic cut-off values/concentration limits adopted in the GHS shall be
applied uniformly in all jurisdictions and for all sectors. However, if the classifier has information
that the hazard of an ingredient will be evident below the generic cut-off/concentration limits, the
mixture containing that ingredient must be classified accordingly.

jle. On occasion, conclusive data may show that the hazard of an ingredient will not be cvident

when present at a level above the generic GHS cut-off/concentration limit{s}. In these cases the
mixtare could be classified according to that data. The data should exclude the possibility that the
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ingredient would behave in the mixture in a manner that would increase the hazard over that of the
pure substance, Furthermore, the mixture should not contain ingredients that would affect that
determination.

317. Adequate documentation supporting the change in a generic cut-off/ concentration limit(s)
should be retained and made available for review on request.

Synergistic or Antagonistic Effects

318. ‘When performing an assessment in accordance with the GHS requirements, the evaluator
must take into account all available information about the potential cceurrence of synergistic effects
among the ingredients of the mixture. Lowering classification of a mixture to a less hazardous
category on the basis of antagonistic cffects may be done only if the determination is supported by
sufficient data.

Endpoint Chapters
319. Regarding the content of endpoint chapters: The classification criteria for substances

given in the Integrated Doeument will not be repeated in these chapters unless it is necessary in
order to clarify the criteria for mixtures,
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GENERAIL CONSIDERATIONS

320, The harmonised criteria for the acute toxicity of substances are described in Part 2,
Chapter 2.1 in this Document. The criteria for substances classify acute toxicity by use of lethal
dose data {tested or derived). For mixtures, it is necessary to obtain or denve information that
allows the criteria to be apphed to the mixture for the purpose of classification.

321. The approach to classification for acute toxicity is tiered, and is dependent upon the
amotunt of information available for the mixture itself and for its ingredients. The flow chart of
Figure 3 befow outlines the process to be foltowed:

Figure 3: Tiered approach to classification of mixtures fer acute toxicity

Test Data on the Mixture a5 a Whole
l No Yes l
Sufficient data Apply bridging
available on similar Yes bply bridgng S .
mixtures to gstimatg » principles paragraphs CLASSIFY
classification hazards ” 325-332
l No Yes
Apply formula in » CLASSIFY
Available data »  paragraph 334
for all ingredicnts
l No Yes
Other data available Apply formula in =  CLASSIFY
to estiniate —_— paragraph 334
classification
¢ No Iy formula i 1334
*  Apply orn.m a m‘_pamgrapo 3 CLASSIFY
Convey hazards of the (unknown ingredients < [0%yor ——
known ingredicnts »  Paragraph 338 (unknown
ingrediems > 10%)
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322, Classification of mixtures for acute toxicity can be carried out for each route of
exposure, but is only needed for one route of exposure as long as this route is followed (estimated or
tested) for all ingredieats. If the acute toxicity is determined for more than one route of exposure,
the more severe hazard level will be used for classification. All available information shiould be
considered and all relevant routes of exposure should be identified for hazard communication.

323, In order to make use of all available data for purposes of classifying the hazards of the
mixtures, certain assumptions have been made and are applied where appropriate in the tiered
approach:

a) The “relevant ingredients” of a mixture arc those which are present in
concentrations of 1% (w/w for solids, liquids, dusts, mists and vapours and v/v for
gases) or greater, unless there is a presumption that an ingredieat present at a
concentrlation of less than 1% can still be relevant for classifying the mixture for acute
toxicity.

b) The acute toxicity estimate (ATE) for an ingredient in a mixture is derived using;

The LD/ LCs where available,
The appropriate conversion value from Table 7 that relates to the results of &
range test for an ingredient, or

* The appropriate conversion valug from Table 7 that relates to a ¢lassification for
the ingredient,

¢) Where a classified mixture is used as an ingredient of another mixture, the actual or
derived acute toxicity estimate {ATE) for that mixturc may be used when calculating
the classification of the new mixture using the fornmilas in paragraph 334 - 338,

CLASSIFICATION OF MIXTURES WHERE ACUTE TOXICITY TEST DATA ARE
AVAILABLE FOR THE COMPLETE MIXTURE.

324, Where the mixture itself has been tested to determine its acute toxicity, it will be classified
according to the criteria that have been agreed for substances. In situations where such test data for
the mixture are not available, the procedures presented below should be followed.

CLASSIFICATION OF MIXTURES WHERE ACUTE TOXICITY TEST DATA ARE NOT
AVAILABLE FOR THE COMPLETE MIXTURE.

Bridging Principles

325. Where the mixture itself has not been tested to detennine its acute toxicity, but there arc
sufficient data on the individual ingredients and similar tested mixtures to adequatcly characterise
the hazards of the mixture, these data will be used in accordance with the following agreed bridging
rules. This ensiwes that the classification process uses the available data to the greatest extent
possible in characterising the hazards of the mixture without the necessity for additional testing in
animals.

! this s particutarly relevant in e casc of ingredicnts classificd in Calegory 1 and Calegory 2.
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Dilution

326. If a mixwre is diluted with a substance that has an equivalent or lower toxicity
classification than the least toxic original ingredient, and which is aot expected to affect the toxicity
of other ingredients, then the new mixtre may be classified as equivalent to the original mixture.
Alternatively, the formula explained in paragraph 334 could be applied.

327, If a mixture is diluted with water or other totally non-toxic material, the toxicity of the
mixture can be calculated from: test data on the undiluted mixture. For example, if a mixture with an
1.D30 of 1080 mg/kg were diluted with an equal volume of water, the LD50 of the diluted mixture
would be 2000 mg/kg.

Batching

328 The toxicity of one production batch of a complex mixture can be assumed to be
substantially equivalent to that of another production batch of the same commercial product, and
produced by or under the control of the same manufacturer, unless there is reason to believe there is
significant variation such that the toxicity of the batch has changed. If the latter occurs, new
classification is necessary.

Concentration Of Highly Toxic Mixtures

329. If a mixture is classified in Category |, and the concentration of the ingredients of the
mixture that are in Category | is increased, the new mixture should be classified in Category 1
withont additional testing.

Interpolation Within One Toxicity Category

330. For three mixtures with identical ingredients, where A and B are in the same toxicity
category and mixture C has toxicologically activc ingredients with concentrations intermediate to
thosc in mixtures A and B, then mixture C is assumed to be in the same toxicity category as A and
B.

Substanfially Similar Mixtures
331 Given the following:

a). Two nnyxtures: (i) A+B
{(inC+B
b). The concentration of ingredicnt B is essentially the same in both mixtures.
). Fhe concentration of ingredicnt A in mixture (i) cquals that of ingredient C in mixture (ii).
d). Data on toxicity for A and C are¢ available and substantially equivalent, f.c. they are in the
same hazard category and arc not expected to affect thic toxicity of B.

If mixture (i) is already classified by testing, mixture (11) can be assigned the same hazard category.
Aerosols

332, An aerosol form of a mixture may be classified in the same hazard category as the tested,

non aerosolised form of the mixture for oral and dermal toxicity provided the added propellant does

not affect the toxicity of the mixture on spraying. Classification of aerosolised mixtures for
inhalation toxieity should be considered separately.
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CLASSIFICATION OF MIXTURES BASED ON INGREDIENTS OF THE MIXTURE
(ADDITIVITY FORMULA).

Data Availablc For All Ingredieats

333. In order to ensure that classiftcation of the mixture is accurate, and that the calculatien
need only be performed once for all systems, sectors, and categories, the acute toxicity estimate
(ATE) of ingredients should be considered as follows:

» Include ngredients with a2 known acnte toxicity, which fall into any of the GHS acute toxiaity
categories.

s Ignore ingredieats that are presumed not acuiely toxic {e.g., water, sugar).

» Ignore ingredients if the oral limit test does not show acute toxicity at 2,000 mg/kg/body weight.

Ingredients that fall within the scope of this paragraph are considered to be ingredicats with a known
acute toxicity estimate {(ATE).

334, The ATE of the mixture is determined by calculation from the ATE values for all relevant
ingredients according to the following formula below for Oral, Dermal or Lahalation Toxicity:
100 Ci

ATEmx 4 ATE:
where:
Cy concentration of ingredient i
n ingredients and i is runaing from 1 ton

ATE;= Acute Toxicity Estimate of ingredient i

Data Are Not Available For One Or More Ingredients Of The Mixture.

33s. Where an ATE is aot available for an individual ingredient of the mixture, but available
information such as listed below can provide a derived cotiversion value, the formula in paragraph
334 may be applied.

This may include evaluvation of:

(a)  Extrapolation between oral, dermal and inhalation acute toxicity estimates’,
Such an evaluation could reguire appropriate pharmacodynamic and
pharniacokinetic data;

For ingredients with acute foxicity estbmates available for other than the most appropriate exposure route,
values may be extrapolated from the avaitgble cxposure route to the most relevant route. Dermal and
inhalatory route dala are not always required for ingredienls. However, in casc dam requirements for specilic
ingredients inelude acute toxicily estimates for the dermal and inhalatory route, the values to be used in the
formula need to be from the required exposure route.
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(b)  Evidence from human exposure that indicates toxic effcets but does not
provide lethal dose data;

(c)  Evidence from any other toxicity tests/assays available on the substance
that iudicates toxic acute effects but does not necessarily provide lethal
dose data; or

(dy Data from closcly analogous substances using strocture/activity
relationships.

336. This approach generally rcquires substantial supplemental technical infonmation, and a
highly trained and experienced expert, to reliably estimate acute toxicity. If such mformation is not
available, procecd te the provisions of paragraph 337,

337. In the event that an ingredient without any useable information at all is used in 2 mixture at
a concentration of % or greater, it is concluded that the mixture canuot be attributed a definitive
acute toxicity estimate. In this situation the mixture should be classified based on the known
ingredients only, with the additional statement that x percent of the mixture consists of ingredient(s)
of unknown toxicity.

338. If the total concentration of the ingredient(s) with unknown acute toxicity is £ 10% then
the formula presented in paragraph 334 should be used. If the total concentration of the
ingredient(s) with unknown toxicity is >10%, the formula presented in paragraph 334 should be
corrected to adjust for the total percentage of the unknown ingredient{s} as follows:

100-(2Cunknownif>10% )"z Ci
ATExs T4~ ATEi
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Table 7: Conversion from the experimentally obtaincd acute toxicity range estimates or a
classification to point estimates for the respective routes of exposure.

Classification or experimentally

Conversion value

obtained acute toxicity range (note 2)
cstimate (see note 1)
Oral 0 <Category 1< 5 0.5
(mgkg ) 3 <Category2< 50 5
50 < Category3 < 300 100
300 < Category4 < 2000 500
2000 < Category 3 £ 3000 2500
Dermal 0 <Category 1 € 50 3
(mgrkg) 50  <Category 2 < 200 50
200 < Category 3 < 1000 300
1000 < Category 4 < 2000 1100
2000 < Category 5 < 5000 2500
Gases it <Class] < 100 10
(ppm) 100 < Category 2 < 500 100
300 < Category3 < 2500 700
2500 < Category 4 < 5000 3000
Category 3
Vapours 0 <Categoryl< 0.5 0.05
{(mg/1) 0.5 <Category2< 2.0 0.5
2.0 <Category 3 <10.0 3
10.0 < Category 4 <20.0 I
Category 5§
Duyst/mist ¢ <Category l £ 0.05 0.005
(mng/1) 0.05 < Category 2 < 0.5 0.05
0.5 <Categmy3 < L0 ?g

.0 <Category4 < 5.0
Category 5

Notel: Category 3 is for mixtures which are of relatively low acute foxieity but which under
certain eircumstances may pose a hazard to vulnerable populations. These mixtures are
antieipated fo have an oral or dermal LDs, value in the range of 2000-5000mgkg or
equivalent dose for other routes of exposure. In light of animal welfare eonsiderations,
testing in animals in Category 5 ranges is discouraged and should only be considered when
there is a strong likelikood that results of such testing would have a direet relevance for
proteeting human health.

Note2:  These values are designed to be used in the calenlation of the ATE for a mixture based on
its components and do not represent fest results. The values are eonservatively set at the
lower end of the range of Categories [ and 2, and at a point approximately [/10™ from the
lower end of the range for Categories 3 5,
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GENERAL CONSIDERATION

339, The harmonised criteria for the skin and eye irniation / corrosion of substances are
describad in Part 2, Chapter 2.2 and 2.3 of this document,

CLASSIFICATION OF MIXTURES WHEN DATA ARE AVAILABLE FOR THE
COMPLETE MIXTURE.

340. The mixture will be classified using the criteria for substances, and takisg into account the
testing and evaluation stratcgies to develop data for these endpoints.

341. Unlike other endpoints, there are alternative tests available for skin corrosivity of certain
categories of chemicals that can give ann accurate resuit for classification purposes, as well as being
simple and relatively inexpensive to perform. When considering testing of the mixture
manufacturers are encowaged to use a tiered weight of evidence strategy as included in the criteria
for classification of substances for eye and skin corrosion and irritation fo help ensure an accurate
classification, as well as avoid unnecessary animal testing. A mixture is considered corrosive (Skin
Category 1, Eye Category 1) if it has & pH of 2 or less or 11.5 or greater. 1f consideration of
alkali/acid reserve suggests the substance or preparation may not be corrosive despite the low or
high pH value, then further testing needs to be carried out to confimm this, preferably by use of an
appropriate validated in vifro test.

CLASSIFICATION OF MIXTURES WHEN DATA ARE NOT AVAILABLE FOR THE
COMPLETE MIXTURE,

Bridging Principles

342, Where the mixture itself has not been tested to determine its skin and eye
irrifation/corrosion, but there are sufficient data on the individual ingredients and similar tested
mixtures to adequately characterise the hazards of the mixture, these data will be used in accordance
with the following agreed bridging rules. This ensures that the classification process uses the
available data to the greatest extent possible in characterising the kazards of the mixture without the
uecessity for additional testing in animals.

Dilution

343, Skin:  If a mixture is diluted with a diluent which has an equivalent or lower
corrosivity/irritancy classification than the least corrosivefrritant original ingredient and which is
not expected to affect the corresivity/irritancy of other ingredients, then the uew mixture may be
classified as equivalent to the original mixture. Alternatively, the method explained in parsgraphs
350 - 355 eould be applied.
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344. Eye: if a mixture is diluted with a diluent which has an equivalent or lower
corrosivity/irritancy classification than the least corrosive/irritant original ingredient and which is
not expected to affect the corrosivity/irritancy of other ingredients, then the new mixture may be
classified as equivalent to the original mixtare. Alternatively, the method explained in paragraphs
350 - 335 could be applied.

Batiching

345, The irritation/corrosion potential of one production bmch of a complex mixture can be
assumed to be substantially equivalent to that of another production batch of the same commercial
product and produced by or under the control of the same manufacturer, unless there is reason to
believe there is significant variation such that the toxicity of the batch has changed. I the latter
occurs, new classification is necessary.

Concentration of Mixtures of the Hishest Corrosion / Irritation Category

346. If a tested mixture classified in the highest subcategory for corrosion is concentrated, a
nore concentrated mixture shiould be classified in the highest corrosion subeategory without
additional testing. If a tested mixture classified in the highcst category for skinfeye irritation is
coucentrated and does not contain corrosive ingredicnts, a 1ore concentrated mixture should be
classified in1 the highest irritation catcgory without additional testing.

Interpolation within One Toxicity Category

347 H mixtures A and B arc in the same irritation/corrosion toxicity category and mixture C is
niade in which the toxicologically active ingredients have coucentrations intermediate to those in
mixtures A and B, tlien mixture C is assumed to be in the same irritation/corrosion category as A
and B. Note that the identity of the ingredients is the same in all three urixtures.

Substantiallv Similar Mixtures

348. Given flic following:

a). Two mixtures (i) A+B
(ii.yC+B
b). The conceniration of ingredient B i essentially the same in both mixtures.
¢). The concentration of ingredient A in mixture (i) equals that of ingredient C in mixtare (ii).
d). Data on imritation/corrosion for A and C are available and substantially equivalent, i.e., they
arc in the samc hazard category and arc not expected to affect thic toxicity of B.

If mixture (i) is already classified by testing, mixture (ii) can be assigned in the sane category.
Aerosols
349, An acrosol form of a niixture may be classified in the sanie hazard category as the tested

non-acrosolised form of mixture provided that the added propellant docs not affect the irritation or
corrosive properties of the mixture upon spraying'.

1. Bridging rules apply for 1he intrinsic bazard etassification of aerosols, however, the need to evaluate
the potential for “mechanical” eye damage from the physical force of the spray is recognised.
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CLASSIFICATION OF MIXTURES WHEN DATA ARE AVAILABLE FOR ALL
INGREDIENTS OR ONLY FOR SOME INGREDIENTS OF THE MIXTURE.

330, In order to make use of all available data for purposes of classifying the skin and eye
irritation/corrosion hazards of the mixtures, the following assumptien has been made and is applied
where appropriate in the tiered approach:

The “relevant ingredients” of a mixture are those which are present in concentrations of 1%
{wiw for selids, liquids, dusts, mists and vapours and v/v for gases) or greater, unless there
is a presumption (e.g., in the case of comrosive ingredients) that an ingredient present at a
concentration of less than 1% can still be relevant for classifying the mixture for skin and
cye irritation/corrosion.

351, In general, the approach to classification of mixtures as irritant or corrosive to skin and/or
cye when data are available on the components, but not on the mixture as a whole, is based on the
theory of additivity, such that each corrosive or irritant component contributes to the overall irritant
or corrosive properties of the mixture in proportion to its potency and concentration. A weighting
factor of 10 is used for corrosive components when they are present at a concentration below the
concentration limit for classification with Category I, but are at a concentration that will centribute
to the classification of the mixture as an irvitant. The mixture is classified as corrosive or irritant
when the sum of the concentrations of such components execeds a threshold concentration limit.

352, Tables 8 and 9 below provide the concentration limits to be used to determine if the
mixture is considered to be an irvitant or a corrosive for skin and cyc respectively.

353, Patticular care must be taken when classifying certain types of cheinicals such as acids and
bases, inorganic salts, aldchydes, phenols, and surfactants. The approach explained in paragraphs
351 and 332 might not work given that many of such substances are corrosive or irritant at
concenirations < 1%. For mixtures containing strong acids or bascs the pH should bc used as
classification criteria (see paragraph 341) since pH will be a better indicator of corrosion than the
concentration limits of Tables 8 and 9. In the case of mixtures containing corrosive or irritant
ingredients that cannot be classified based on the additivity approach applied in Tables 8 and 9 due
to chemical characteristics that make this approacl unworkable, a mixture will be classified as Skin
Catcgory | and Eye Category | if it containg = 1% of a corrosive ingredient and as Skin Category
2/3 and Eye Category 2 when it contains = 3% of au irritant ingredient. Classification of mixtures
with ingredients for which the approach in Tables 8 and 9 does not apply is summarised in Table 10
below.

354, On occasion, relisble data may show that the skin corrosionfirritation or the
reversible/irreversible eye effecis of an ingredient will not be evident when present at a level above
the generic concentration cut-off levels mentioned in Tables 8-10. In these cases the mixture could
be classified according to that data (sec alse paragraph 316). On occasion, when it is gxpected that
the skin corresion/irritation or the reversible/irreversible eye cffects of an inpredient will not be
cvident when present at a level above the generie concentration cut-off levels mentiened in Tables
8- 10, testing of the mixture may be considered. In those cases the tiered weight of evidence strategy
should be applied as referred to in paragraph 341 and cxplained in detail in the chapter on
classification of substances for skin and eyc hazards.

355. If there is data showing that (an) ingredient(s) may be corrosive or irritant at a
concentration of < 1% (corrosive) or < 3% (irritant), the mixture should be classified accordingly
(see also paragraph 314).

96

235



ENVAM/MONO(2001)6

Table 8 : Concentration of ingredients of a mixture classified as skin category 1, 2 or 3 that
would trigger classification of the mixture as hazardous to skin (category 1, 2 or 3%

Sum of ingredients
classified as:

Concentration triggering classification of a mixture as:

Skin

Corrosive

|rritant

Category | (see note

below)

Category 2

Category 3

Skin Category 1 25% 21% but < 5%

Skin Category 2 210% 21% but < 10%
Skin Category 3 =10%

(10 x Skin Category 1) + >10% 2% but <10%
Skin Category 2

(1¢ x Skin Category 1) + >10%

Skin Category 2-+Skin

Category 3

Note to Table 8 : Only some authorities will use the subeategories

of Skin Category 1

{corrosive). In these cases, the sum of all ingredients of a mixture classified as Skin Category 1A,
IB or 1C respectively, should each be 2 5% In order to classify the mixture as either Skin
Categery LA, 1B or 1C. In case the sum of the Skin Category 1A ingredients is < 5% but the sum
of Skin Catcgory ingredients 1A+IB is 2 5%, the mixture should be classified as Skin Category
1B. Similarly, in case the sum of Skin Category 1A+1B is < 5% but the suin of Category
1A+1B+]C is 2 5% the mixture would be classified as Category 1C,

Table 9: Concentration of ingredients of a mixturc classified as skin category 1 and/or cye
category 1 or 2 that would trigger classification of the mixtures as hazardous to the eve
(category 1 or 2).

Sum of Ingredients Classified as: Concentration triggering classitication of a
mixture as:
Eye

hirgversible Reversible

Category | Category 2
Eye or Skin Category 1 23% 2% but < 3%
Eye Category 2/2A 210%
(10 x Eye Category 1) + Eye Category =10%
2/2A
Skin Category | + Eye Category | 23% 21% but <3%
10 x (Skin Category 1 + Eye Category 1) =10%
+ Eye Category 2/2A
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Table 10: Concentration of ingredients of a mixture for which the additivity approach does
net apply, that weuld trigger classification of the mixture as hazardous to skin or the eye.

Ingredient: Concentration: Mixture classified as:
Skin Eve
Acid with pH < 2 > 1% Category 1 Category 1
Base with pH 211.5 = 1% Category 1 Catcgory 1
Other corrosive = 1% Category | Category 1
(Category 1) ingredients
for which additivity
docs not apply
Other irritant (Category 2 3% Category 2 Category 2
2) ingredients for which
additivity does  mot
apply, mcluding acids
and bases
938
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GENERAL CONSIDERATIONS

358, The harmonised criteria for respiratory and skin sensitisation of substances are described
in Part 2, Chapter 2.4 of this document.

CLASSIFICATION OF MIXTURES WHEN DATA ARE AVAILABLE FOR THE
COMPLETE MIXTURE.

357. When reliable and good quality evidence from human experience or appropriate studies in
experimental animals, as described in the criteria for substances, is available for the mixture, then
the mixture can be classified by weight of evidence evaluation of these data, Care should be
exercised in evaluating data on mixtures, thal the dose used does not render the results inconclusive.

CLASSIFICATION OF MIXTURES WHEN DATA ARE NOT AVAILABLE FOR THE
COMPLETE MIXTURE.

Bridging Principles

358. Where the mixture itself has not been tested to deterinine its sensitising properties, but
there are sufficient data on the individval ingredients and similar tested mixtures to adequately
characterise the hazards of the mixture, these data wiil be used in accordance with the following
agreed bndging mles. This ensures that the classification process uses the available data to the
greatest extcnt possible in characterising the hazards of lhe mixfure without the necessity for
additional testing in animals,

Dilution
359. If a mixtuze is dilnted with a diluent which is not a sensitiser and which is not expected to

affect the sensitisation of other ingredients, lhen the new mixture may be classified as equivalent to
the original mixture.

? There has been considerable discussion about whal 1o convey about sensilisation effects to those exposed, and at what
point it should be conveyed, While the currenl ent-off for mixtures is 1%, it uppears that 1he major sysiems all believe
information should be convoyed below tiat level. This may be appropriate bah 1o warn Ihese already sensitisell, as
well as to warn those who may become sensilised. This issue was not elear during the inilial deliberations on the erheria
for mixlurcs conlaining scnsilisers, and thus bas not been adeguately discusscd nor options explored.

Before the sysiem becomes implemented, 1his issue should be revisned by the ECOSOC Subcommitiee on the GHS as
onc of its firsl priorities. [t should be nolcd 1hat 1he sensitisation criteria for subsiances will also have to be re-opened to
consider this issye and the inchision of new informalion and evolving 1esling approaches that addresses 1lie gueslion of
strong sensitisers versus hose ihal are weaker. Appropriate hazard eommniealion should be considered along with the
digcussions on ihe eriteria and the availahility of an approprialc 1cs1 method.
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Batching

360. The sensitising properties of one production batch of a complex mixture can be assumed to
be substantially equivalent to that of another production batch of the same commercial product and
preduced by or under the control of the same manufacturer, unless there is reason to believe there is
significant variation such that the sensitisation of the batch has changed. If the latter occurs, new
classification is necessary.

Substantially Similar Mixtures

3al. Given the following:

a). Two mixtures: (i) A+B
(il yC+B
b). The concentration of ingredient B is essentially the sane in both mixtures.
c).  The concentration of ingredient A i mixture (i) equals that of ingredicnt C in mixture (ii).
d). Ingredient B is a sensitiser and Ingredients A and C arc not sensitisers.
¢). A and C are not expected to affect the sensitisation of B.

I mixture (i) is already classified by testing, mixture (ii) can be assigned the same hazard category.
Aerpsols

362, An agrosol form of the mixture may be classified in the same hazard category as the tested
non-aeroselised form of the mixture provided that the added propellant does not affect the
sensitising properties of the mixture upon spraying.

CLASSIFICATION OF MIXTURES WHEN DATA ARE AVAILABLE FOR ALL
INGREDIENTS OR ONLY FOR SOME INGREDIENTS OF THE MIXTURE,

363. The mixture will be classificd as a respiratory or skin sensitser when at least one
ingredient has been classified as a respiratory or skin sensitiser and is present at or above the
appropriate cut-off value / concentration limit for the specific endpoint as nientioned in Table 11
below for solid/iquid and gas respectively.

Table }1: Cut-off values/concentration Hmits of ingredients of a mixture classified as either
skin sensitisers or respiratory sensitisers, that would trigger classification of the mixture.

Ingredient classified as: Cut-off/concentration limits triggering classification of a
mixture as:
Skin sensitiser Respiratory sensitisers
Skin sensitiser =1.0% wiw =1.0%v/v
Respiratory sensitiser 21.0% wiw >0.2% viv
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GENERAL CONSIDERATIONS

364, The harmonised criteria for germ cell mutagenicity of substances are described in Part 2,
Chapter 2.5 of this document.

CLASSIFICATION OF MIXTURES WHEN DATA ARE AVAHILABLE FOR THE
COMPLETE MIXTURE.

363, Classification of mixtures will be based on the available test data on the individual
constituents of the mixture using cut-off values/concentration limits for the components of the
mixture. The classification may be modified on a case-by-case basis based on the avaiiable test data
for the mixture as a whole, In such cases, the test results for the mixture as a whole must be shown
to be conclusive taking inte account dose and other factors such as duration, observations and
analysis {e.g., statistical analysis, test sensitivity) of germ cell mutagenicity test systems. Adequate
documentation supporting the classification should be retained and made available for review upon
request.

CLASSIFICATION OF MIXTURES WHEN DATA ARE NOT AVAILABLE FOR THE
COMPLETE MIXTURE.

Bridging Principles

366. Where the mixture itself has not been tested to determine its genn cell mutagenicity
hazard, but there are sufficient data on the individual ingredients and simnilar tested inixtures to
adeqnately characterise the hazards of the mixture, these data will be used in accordance with the
following agreed bridging rules. This ensures that the ciassification process uses the available data
to the greatest extent possible in characterising the hazards of the mixture without the necessity for
additional testing in animals,

Dilution

367. If a mixture is diluted with a diluent which is not expected to affect the germ cell
mutagenicity of other ingredients, then the new mixture inay be classified as equivalent to the
original mixfure.

Batching

368. The germ cell mutagenic potential of one production batch of a complex mixture can be
assuined to be substantially equivalent to that of another preduction batch of the saine commercial
product produced by and under the control of the same manufacturer unless there is reason to
believe there is significant variation in composition such that the germ ccll mutagenic potential of
the batch has changed. If the latter ocours, a new classification is nccessary.
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Substantially siinilar mixtures
369, Given the following:

a). Two mixtures; i) A+B
i.yC+B
b). The concentration of mutagen Ingredient B is the same in both mixtures.
¢). The concentration of ingredient A in mixture {i) equals that of ingredient C in mixture {ii).
d). Data on toxicity for A and C are available and substantially equivalent, i.e. they are not
expected to affect the germ cell mutagenicity of B.

If mixtare (i) is already classified by testing, mixture {ii) can be assigned the same category.

CLASSIFICATION OF MIXTURES WHEN DATA ARE AVAILABLE FOR ALL
INGREDIENTS OR ONLY FOR SOME INGREDIENTS OF THE MIXTURE.

370, The mixture will be classified as a mutagen when at least one ingredient has been
classified as a Category [ or Category 2 mutagen and is present at or above the appropriate cut-off
value/concentration limit as mentioned in Table [2 below for Category 1 and 2 respectively.

Table 12: Cut-off values/cencentration limits of ingredients of 2 mixture elassified as germ
cell mntagens that would trigger classification of the mixture.

Ingredient classified as: Cut-off/concentration limits triggering classification of a mixture as:
Category 1 mutagen Category 2 mutagen
Category | mntagen =20.1% -
Category 2 mutagen - =1.0%

Note: The cut-off values/concentration limits in the table above apply to solids and liguids {w/w
units) as well as gases {v/v units),
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GENERAIL CONSIDERATIONS

371. The harmonised criteria for carcinogenicity of substances are described Part 2, Chapter 2.6
of this document.

CLASSIFICATION OF MIXTURES WHEN DATA ARE AVAILABLE FOR THE
COMPLETE MIXTURE.

372, Classification of mixtures will be based on the available test data on the individual
constituents of the mixture using cut-oft’ values/concentration limits for the components of the
mixture. The classification may be modified on a case-by case basis based on the available test data
for the mixture as a whele, In such cases, the test results for the mixture as a whole must be shown
to be conclusive taking into account dose and other factors such as duration, observations and
analysis (e.g., statistical analysis, test sensitivity} of carcinogenicity test systems. Adequate
documentation supperting the classification should be retained and made available for review upon
request.

CLASSIFICATION OF MIXTURES WHEN DATA ARE NOT AVAILABLE FOR THE
COMPLETE MIXTURE.

Bridging Principles

373. Where the mixture itself has not been tested te determine its carcinogenic hazard, but there
are sufficient data on the individual ingredicnts and similar tested mixtures to adequately
characterise the hazards of the mixture, these data will be used in accordance with the following
agreed bridging rules. This ensurcs that the classification process uscs the available data to the
greatest extent possible in characiensing the hazards of the mixture without the necessity for
additional testing in animals,

Dilution

374, If a mixture is diluted with a diluent which is not expected to affect the carcinogenicity of
other ingredients, then the new mixture may be classified as equivalent to the original mixture.

Batching

375, The carcinogenic potential of one production batch of a complex inixture can be assumed
10 be substantially equivalent to that of another production batch of the same commercial product
preduced by and under the contro? of the same manufacturer unless there is reason to believe there is
significant varjation in composition such that the carcinogenic potential of the batch has changed. If
the Iatter occurs, a new classification is necessary,
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Subsiantially similar mixtures
376, Given the following:

a), Two mixtures: i) A+B
iiyCc+B
b). The concentration of carcinogen ingredient B is the same in both mixtures.
¢). The concentration of ingredient A in mixture i equals that of ingredient C in mixture ii.
d). Data on toxicity for A and C are available and substantially cquivalent, i.e. they are not
expected to affect the carcinogenicity of B,

if mixture (i) is already classified by testing, mixture {ii) can be assigned the same category.

CLASSIFICATION OF MIXTURES WHEN DATA ARE AVAILABLE FOR ALL
COMPONENTS OR ONLY FOR SOME COMPONENTS OF THE MIXTURE.

377. The mixture will be classified as a carcinogen when at least one ingredient has been
classified as a Category I or Category 2 carcinegen atd is present at or above the appropyiate cut-off
vaiue/concentration limit as mentioned in Table 13 below for Category 1 and 2 respectively.

Table 13: Cut-off values/concentration laiits of ingredients of 2 mixture classified as
carcinogen that would trigger classification of the mixturel,

ingredient Cut-offfconcentration limits triggering classification of a mixture as:

classified as: Category 1 carcinogen Category 2 carcinogen

Category | carcinogen | 20.1 %

2 0.1% {notel)

Category 2 carcinogen | - > 110% (ote 2)

Note 1:  1f a Category 2 carcinogen ingredicnt is present in the mixture at a cogcentration between
0.1% and 1%, every regulatory authority would require information on the SDS for a
product. However, a label warning would be optional. Some authorities will choose to
label when the ingredient is present in the mixture between $.1%% and 1%, whercas others
would normally not require a label in this case.

Note 2: If a Category 2 carcinogen ingredient is present in the mixfure at a concentration of > 1%,
both an SDS and a label would generally be expected.

' This comprotnise cfassifieation scheme invotves consideration of differences in hazard commmnication practices in
exisling sysiems. Alllough it is recognised that 1his may resull in a lack of harmenisation for some mixlures, the QECD
Expert Group is recommending 1o 1he ILO Hazard Communication Work Group thal this compromise be accepled as 2
way 1o move lhe process forward. 11 is expecled that the number of affecled mixiures witl be small; 1he differences will
be limiled to label warnings; and the silualion wili cvolve over lime o a more harmonised approach.  Alj of these
hazard communication recommendations are subjeel 10 review by the ILO Work Group, and reay be aifected by thal
group’s delerminations regarding the possibiiily of using risk considerations in Jabelling in 1he consumer scclor.
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GENERAL CONSIDERATION

378. The harmonised criteria for reproductive toxicity of substances are described in Part 2,
Chapter 2.7 of this document.

CLASSIFICATION OF MIXTURES WHEN DATA ARE AVAILABLE FOR THE
COMPLETE MIXTURE.

379. Classification of mixtures will be based on the available test data on the individual
constituents of the mixture using cut-off values/concentration Emits for the components of the
mixture. The classification may be modified on a case-by case basis based on the available test data
for the mixture as a whole. In such cases, the test results for the mixture as a whole must be shown
te be conciusive taking into account dose and other factors such as duration, observations and
analysis (e.g., statistical analysis, test sensitivity} of reproduction test systems. Adequate
documentation supporting the classification should be retained and made available for review upon
request,

CLASSIFICATION OF MIXTURES WHEN DATA ARE NOT AVAILABLE FOR THE
COMPLETE MIXTURE.

Bridging Principies

380. Where the mixture itsclf lias not been tested to determine its reproductive toxieity, but
there are sufficient data on the individual ingredients and similar tested mixtures to adcguately
characterise the lazards of the mixture, these data will be used in accordance with the following
agreed bridging rules. This ensires that the classification process uses the avaifable data to the
greatest extent possible in characterising the hazards of the mixture without the necessity for
additional testing in animals,

Dilution

381. If 2 mixture is diluted with a diluent which is not cxpecied to affeet the reproductive
toxicity of other ingredients, then the new mixture may be classified as equivalent to the criginal
muxture.

Batching

382 The reproductive toxicity potential of one production batch of 2 complex mixture can be
assumed to be substantially equivalent to that of another production batch of the same commercial
preduct produced by and under the control of the same manufacturer unless there is reason to
believe there is significant variation in composition such that the reproductive toxicity potential of
the batch has changed. If the latter occurs, a new classification is necessary.
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Substantially siniilar mixtures

383. Given the following:

a).  Two mixtures: i) A+B
ii)C+B
b). The concentration of Ingredient B, toxic to reproduction, is the same in both mixtures.
¢y Thie concentration of ingredient A in mixturc i cqials that of ingredient C in wixfure ii.
d;. Data on toxicity for A and C are available and substantially equivalent, i.e, they are not
expected to affect the reproductive toxicity of B.

If mixture (i) is already classificd by testing, mixture (i) can be assigned tle same category.

CLASSIFICATION OF MIXTURES WHEN DATA ARE AVAILABLE FOR ALL
COMPONENTS OR ONLY FOR SOME COMPONENTS OF THE MIXTURE.

384 The mixture will be classified as a reproductive toxin when at least one ingredient has
bcen classified as a Category | or Category 2 reproductive toxicant and is present at or above the
appropriate cut-off value/concentration limit as mentioned in Table 14 below for Category 1 and 2
respectively.

Table 14 : Cut-off values/concentration limits of ingredients of a mixture classified as
reproductive toxicants that would trigger classification of the mixture.'

Ingredient Cut-oft/eoncentration liniits triggering classification of & mixture as:

classified as: Category | reproductive toxicant | Category 2 reproductive toxicant

Category | reproductive | = 0.1 % (note 1)
toxicant =~ pmmmmsmmmmmmm s
20.3 % (note 2)

Category 2 reproductive 2 0.1 % (aote 3)
toxicant

239 % (note 4)

Note 1: If a Category | reproductive toxicant is present in the mixturc as an ingredient at a
concentration betwcen 0.1% and 0.3%, every regulatory authorty would reguire
information on the SDS for a product. However, a label warning would be optional. Some
authorities will choosc to label when the ingredient is present in the mixture between 0.1%
and 0,3%, whereas others would nornially not require a label in this casc.

! ‘This compromise classification scheme nvolves constderation of differences in hazard commmunication prattices in existing systems.
Although it is recogniscd that this may result in a lack of harmountsation for some mixmres, e OECD Expert Group s recommending
to the 1LO Hazard Communication Work Group thal this compromise be aceepied as & way to move fie process forward, Tt is cxpeetcd
that the nontber of affected mixtures will be small; the differences will be lhnited to label wamings; and the situation will evolye over
Iime to a move harmonised opproach. Al of these hazard communication recommendalions are subjecl (0 review by the L0 Wurk
Group, and may he affected by that group s detenninations regarding the possihility of using risk consideralions in labelliog in the
CORSUMEr SCCtor.
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Note 2@ If a Category | repreductive toxicant reproductive toxicant is present in the mixture as an
ingredient at a concentration of > 0.3%, both an SDS and a label would generally be
expected.

Note 3: If a Category 2 reproductive toxicait is present in the mixture as an ingredient at a
concentration between 0.1% and 3.0%, cvery regulatory authority would require
information on the SDS for a product. However, a label warming would be optional. Sciue
anthoritics will ¢hoose to label when the ingredient is present in the mixture between 0.1%
and 3.0%, whereas others would normally not require a label in this case.

Note 4: If a Category 2 reproductive toxicant is present in the mixture as an ingredient at a
concentration of > 3.0%, both an SDS and a label would generally be expected.
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GENERAL CONSIDERATION

38s. The harmonised criteria for the classification of chemical substances for specific target
orpan/systemic toxicity, following single or repeated/prolonged cxposure, are described in Part 2,
Chapters 2.8 and 2.9 of this document. Mixtures are classified using the same criteria as for
substances, or alternatively as described below. As with substances, mixtures may be classified for
target organ/systemic toxicity following single exposure, repeated exposure, or both.

CLASSIFICATION OF MIXTURES WHEN RELIABLE EVIDENCE OR TEST DATA ARE
AVAILABLE FOR THE COMPLETE MIXTURE.

386. When reliable and good quality evidence from human experience or appropriate studies in
experimzental animals, as described in the criteria for substances, is available for the mixture, then
the mixture can be classified by weight of evidence evaluation of this data. Carc should be
cxercised in evaluating data on mixtures, that the dosc, duration, obscrvation or analysis, do not
render the resuits inconclusive.

CLASSIFICATION OF MIXTURES WHEN DATA ARE NOT AVAILABLE FOR THE
COMPLETE MIXTURE.

Bridging Principles

387. Wlhere the mixture itself has not been tested to detenmine its target organ/systemmc toxcity,
but there are sufficient data on the individual ingredients and similar tested mixtures to adequalely
characterise the hazards of the mixture, these data can be used in accerdance with the following
bridging principles. This ensurcs that the classification process uses the available data to the
greatest cxtent possible in characterising the hazards of the mixture without the necessity of
additional testing in animals.

Dilution

388. If a mixture is diluted with & diluent which has the same or & lower toxicity classification
as the least toxic original ingredient and which is not expected to affect the toxicity of other
ingredients, then the new mixture may be classified as equivalent to the original mixture.

Batching

389, The toxicity of one production baich of a complex mixfure can be assumed to be
substantially equivalent to that of another production batch of the same commercial product and
produced by or under the control of the same manufacturer, unless there is reason te believe there is
significant variation such that the toxicity of the batch has changed. If the latter occurs, new
classification is necessary.
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Concentration of Highly Toxic Mixtures

390. If in a mixture of Category 1, the concentration of a toxic ingredient is increased, the
concentrated mixture should be classified in Category 1 without additional testing.

Interpolation within One Toxicity Category

391. If mixtures A and B are classified in the same toxicity category and mixture C is made in
which the toxicologically active ingredients have concentrations intermediate to those in mixtires A
and B, then mixture C is assumed to be in the same toxicity category as A and B. Note that the
identity of the ingrediensts shonld be the same in all three mixtuses.

Substantially Similar Mixturcs
392, Given the following:

a). Two mixtures: (JA+B
#HC+B
b). The concentration of ingredicnt B is essentially the same in both mixtures.
). The concentration of ingredient A in mixture (i} equals that of ingredient C in mixture (ii)
d). Data on toxicity for A and C are available and substantially equivalent, ic. they are in the
same hazard category and are not expected to affeet the toxicity of B.

If mixture (i) is already classified by testing, mixture (ii} can assigied the same eategory.
Aerospls

393, An aerosol form of a mixture may be elassificd in the same hazard category as the tested,
non-aerosolised form of tlie mixture for oral and dermal toxicity provided the added propellant does
not affeet the toxicity of the mixture on spraying. Classification of acrosolised mixtures for
inhalation toxicity should be considercd sepasately.

CLASSIFICATION OF MIXTURES WHEN DATA ARE AVAILABLE FOR ALL
INGREDIENTS OR ONLY FOR SOME INGREDIENTS OF THE MIXTURE.

394. Where there is no reliable evidence or test data for the specific mixture itself, and the
bridging principles cannot be used to enable classification, then classification of the mixture is based
on the classification of the ingredient substances. In this case, the mixture will be elassificd as a
target organfsystemic toxicant (specific organ specified), following single exposure, repeat
exposure, or both when at least one ingredient has been classificd as a Category | or Category 2
target organ/systemnic toxicant and is present at or above the approprate eut-off valuc/concentration
limit as mentioned in Table 15 below for Category | and 2 respectively.
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Table 15: Cut-off values/concentration limits of ingredients of a mixture classified as a Target
Organ/ Systemic Toxicant that would trigger classification of the mixture.'

Cut-off/coucentration limits triggering classification of a

Ingredient XS as!

classified as; Category 1 Target Organ Category 2 Target Organ
Systemic Toxicant (TOST) | Systemic Toxicant (TOST)

Category | (TOST) 2 1.0 % (note 1) 1.0 ingredient < 10%

Target Organ Systemic TOXicant j----x-=s~vrreurermmmmmareraaamanssl. (mOte3) .
2 10% (note 2) 1.0< ingredient < 10% (note

3
Category 2 (TOST) 2 1.0 % (note 4)

Target Organ Systemic Toxicaut > 10 % (note 5)
= Q -

Note 1: If a Category 1 target organ/systemic toxicant is present in the mixture as an ingredient at
a conceniration between 1.0% and 10%, every regolatory authority would require
information on the SDS for a product. However, a label warning would be optional.
Some authorities will choose to label when the ingredient is present in the mixture
between 1.0% and 10%, whereas others would normally not require a label in this case.

Nete2: If a Category 1 target orgai/systemic toxicant is present in the mixture as an ingredient at
a concentration of > 10%, both an SDS and a label would generally be expected.

Note 3: 1f a Category 1 target organ/systemic toxicant is present in the mixture as an ingredient at a
concentration between 1.0% aud 10%, some authorities classify this mixture as a Category
2 target organ/sysiemic toxicaut, wliereas others would not.

Note4: If a Category 2 target organ/systemic toxicant is present in the mixture as an ingredient at
a concentration between 1.0% and 10%, every regulatory authority would require
information on the 8DS for a product. However, a label warning would be optional. Soine
authiorities will choose to label when the ingredient is present in the mixture between 1.0%
and 10%, wliereas others would normally not require a label in this case.

Note 5: If a Category 2 target organ/systemic toxicant is present in the mixture as an ingredient at

a
concentration of > 10%, both an SDS and a label would generally be expected.

395, These cnt-off values and consequent classifications should be applied equally and
appropriately to both single- and repeated-dose target organ toxicants.

* This compromise classificalion scheme involves consideriion of differcuces in lazird communicalion praclices in
exisling systems. Although il {s recognised thal this may resull in & lack of harmonisalion for some mixlures, the QECD
Expert Group is reconumending lo 1he [£.0 Hazard Commnunicalion Work Group Lhai Lhis compromise be accepled as a
way 10 move Lhe process forward. 11 is expecled that Lhe number of affecled mixtures will be small; Lhe differences witl
be liniled Lo label warnings; and Lhe simation will evelve over 1ime lo & more harmonised approsch, All of Lhese
hazard communication recownmendations are subjecl lo review by lhe TLGQ Work Group, and may be affecied by tha
group’s detenminations regarding the possibilily of using risk consideralions in Isbelling in the consiumer seelor.
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3%6. Mixtures should be classified for either or both single- and repeated-dose toxicity
independently.
397. Care should be exercised when toxicants affecting more than one organ system are

combined that the potentiation or synergistic interactions are considered, because certain substances
can cause target organ toxicity at <1% concentration when other ingredients in the mixture are
known to potentiate its toxic effect.
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GENERAL CONSIDERATIONS

398, The harmonised criteria for the classification of substances as “liazardous for the aquatic
environnient” are described in Part 2 , Chapter 2,10 of this document and were already endorsed by
the 28" Joint Meeting of the Chemicals Committee and the Working Party on Chemicals in
November 1998, The harmonised classification system for substances consists of three acute
classification categories and four chrenic classification categories. The acute and the chrenic
classification categories are applied independently. The criteria for classification of a substance i
acute categories I to IIl are defined on the basis of the acute toxicity data only (ECsy or LCs). The
criteria for classification of a substance inte chrouic categeries combine twe types of informaticl,
i.e. acute toxicity data and environmental fatc data (dcgradability and bioaccurmdation data). For
assignment of mixtures to chrenic categories, degradation and bicaccumulation properties are
derived from tests on cempongents.

399. ‘The classification system for mixtures covers all classification categories which are used
for substances meaning acute categeries Ito III and chronic categories to IV.

400, In order to make use of all available data for purposes of classifying the aquatic
envirosmental hazards of the mixture, the following assumption lias been made and is applied where
appropriate.

The “relevant compouents” of a mixture are those which are present in a concentration of
1% (w/w) or greater, unless there is a4 presumption {(e.g. in the case of highly toxic
components) that a component present at less than 1% can still be relevant for classifying
the mixture for aquatic environmental hazards.

401. The approach for clagsification of aquatic envirenmental bazards is tiered, and is
dependent upon tbe type of information available for the mixture itself and for its components.
Elemeuts of the tiered approach include: i) classification based on tested mixtures; ii) classification
based on bridging principles, iii) the use of “summation of classifed compenents” and for an
“additivity formula®. Figure 4 cutlines the process to be followed.
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Figure 4: Tiered Approach to Classification of Mixtures for
Acute and Chronic Aquatic Environmental Hazards

Aquatic toxicity test data available on the mixture as a whole

No Yes CLASSIFY for
» acute/chronic toxicity
J' {paragraph 402-403)
Sufficient data Yes Apply bridging principles CLASSIFY
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hazards
i No
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CLASSIFICATION OF MIXTURES WHEN AQUATIC (TOXICITY) TEST DATA ARE
AVAILABLE FOR THE COMPLETE MIXTURE.

402. Wlicn the mixture as a whole has been tested to determine its aquatic toxicity, it can be
classified according to the criteria that have been agreed for substances, but only for acute toxicity.
The classification should be based on the data from: fish, crustacea and algae/plants. Classification
of mixtures by using LCsy or ECs, data for the mixture as a whole is not possible for chronic
categories since both toxicity data and eavironmental fate data are needed, and there are no
degradability and bioaccumulation data for mixtures as a whole. It is not possible to apply the
criteria for chronic classification because the data from degradability and bio-accumulation tests of
mixtures cannot be interpreted; they are meaningful only for single substances.

403, When there is acute toxicity test data {L.Cs; or ECsp) available for the mixture as a whole,
this data as well as information with respect to the classification of components for chronic toxicity
should be used te complete the classification for tested mixtures as follows. When chronic (long
term) toxicity data (NOEC) is also available, this should be used as well,

o L(E)C s (LCso.0r ECso) of the tested mixture < 100me/L, and NOEC of thie tested mixture £ 1.0

mg/L or unknowi
— Classify mixture as Acute I, IT or I1f
—> Apply Summation of Classified Componcnts approach (see paragraphs 423-428) for chronic
classification (Chronic I, IT, ITT, IV or no necd of chronic classification).

¢ L{E)Cs of the tested mixture £ 100me/L and NOEC of the tested mixture > 1.0 ma/L:

~3 Classify mixture as Acute I, IT or ITT

~s Apply Summation of Classified Components approach (see paragraphs 423-428) for
classification as Chronic L. If the mixture is not classified as Chronic 1, then there is no need
for chronic classification,

*  L{EYCsy of the tested mixture >100me/L., or above the water solubility. and NOEC of the tested
mixtyre S 1.0mg/T. or unknown:

—» No need to classify for acute toxicity
— Apply Summation of Classified Componeuts approach (see paragraphs 423-428) for chronic
classification {Chronic IV or no need for chronic classification).

e« L{E)Csq of the tested mixture >100mg/L. or above the water solubility, and NOEC of the tested

mixture > 1.0 mg/L

— No need to classify for acute or chronic toxicity
CLASSIFICATION OF MIXTURES WHEN AQUATIC TEST DATA ARE NOT
AVAILABLE FOR THE COMPLETE MIXTURE.
Bridging Principles
404, Where the mixture itself has not been tested to determine its aquatic environmental hazard,

but there are sufficient data on the individual components and similar tested mixtures to adequately
characterise the hazards of the mixture, this data will be used in accordance with the following
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agreed bridging rules. This ensures that the classification process uses the available data to the
greatest extent possible in characterising the hazards of the mixture without the necessity for
additional testing in animals.

Dilution

405. If a mixture is formed by diluting another classified mixture or a substance with a diluent
which has an equivalent or lower aquatic hazard classification than the least toxic original
component and which is not expected to affect the aquatic hazards of other components, then the
mixture may be classified as equivalent to the original mixture or substance.

406. I a mixture is formed by diluting another classified mixture or a substance with water or
other totally non-toxic material, the toxicity of the mixture can be calculated from the original
mixtire or substance.

Batching

407. The aquatic hazard classification of one production batch of a complex mixture can be
assumed to be substantially equivalent to that of another production batch of the same commercial
product and produced by or under the control of the same manufacturer, unless there is reason to
believe there is significant variation such that the aquatic hazard classification of the batch has
changed. If the latter occurs, new classification is necessary.

Concentration of Mixtures_which_are classified with the niost scyere classification
categories (Chronic I and Acute Iy

408. If a mixture is classified as chronic I and/or acute [, and components of the mixture which
are classified as chronic | and/or acute I are further concentrated, the more concentrated mixture
should be classified with the same classification category as thie original mixture without additional
testing,

Interpolation within One Toxicity Category

409. If mixtures A and B are in tbe same classification category and mixwre C is made in
which the toxicologically active components have concentrations intermediate to those in mix tures
A and B, then mixture C is assumed to be in the same category as A and B, Note that the identity of
the components is the same in all three mixtures.

Substantiallv similar mixtures

419, Given the following:

a), Two mixtures: i) A+B
i) C+B
by The concentration of component B is the same in both mixtures.
€). The concentration of component A in mixture (i) equals that of component C in mixture (ii).
d). Classification for A and C arc available and are the same, i.c. they are in the same hazard
category and are not expected to affect the aquatic toxicity of B.

Then there is no need to test mixture (ii). If mixture (i) is already characterised by testing,
mixture (ii) can be classified the same hazard category.

115

254



ENV/IM/MONO(2001)6

CLASSIFICATION OF MIXTURES BASED ON AQUATIC TEST DATA OR AVAILABLE
CLASSIFICATION OF COMPONENTS.

411. The classification of a mixture is based on summation of the classification of its
components. The percentage of components classified as “Acute” or “Chronic” will feed straight in
to the summation method. Details of the summation metliod are deseribed in paragraphs 416-428,

412, Mixtures can be made of a combination of both components that are classified (as Acute |,
II, TII and/or Chronic I, 11, 11, TV) and those for which adequate test data is available. When
adequate toxicity data is available for more than one component in the mixtwe, the combined
toxicity of those components may be calculated using the following additivity formula, and the
calculated toxicity may be used to assign that portion of the mixture an acute toxicity category
which is then subsequently used in applying the summation method.

>.Ci Ci
L(E)CSUm " L(E)CSBE

where;
G = goncentration of component i (weight percentage)
L{E)Csi = (mg/L) LCs, or ECs for component i
n = number of components
E(E) Csom = L {E)Csp of the part of the mixture with test data

413, When applying the additivity formula for part of the mixture, it is preferable to caleulate
the toxicity of this part of the mixture using for cach substance toxicity values that relate to the same
species (i.e.; fish, daphnia or aigae) and then to use the highest toxicity (lowest value) obtained (viz.,
use the most sensitive of the three species). However, when toxicity data for each component are
not available in the same species, the toxicity value of each component should be selected in the
same manner that toxicity values are selected for the classification of substances, ie. the higher
toxicity (from the most sensitive test organism) is used. The calculated acute toxicity may then be
used to classify this part of the mixture as Acute 1, II or III using the same criteria described in the
Harmonised [ntegrated System for pure substances.

414, If a mixture is classified in more than one way, the method yielding the more conservative
result should be used.

Summation Method
Rationale

415. In casc of the snbstance classification categorics Acute I'Chronic I to Aente 11I/Chronic
IT1, the underlying toxicity criteria differ by a factor of 18 in inoving from one category to another.
Substances with a classification in a high toxicity band may thercfore contribute to the classification
of a mixtnre in a lower band. The calenlation of these classification categories therefore necds to
consider the coniribution of all substanccs classified Acute YChronic T to Acute III/Chronic IH
together,

416. When a mixture contains components classified as Acutc Category I, attention should be
paid to the fact that such components, when their acute toxieity is well below 1 mg/L (sce also
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paragraph 314), contribute to the toxicity of the mixture even at a low concentration. Active
ingredients in pesticides often possess such high aquatic toxicity but also some other substances like
organometallic compounds. Under these circumstances the application of the normal cut-off
values/concentration limits may lead to an “underclassification” of the mixture. Therefore,
multiplying factors should be applied to account for highly toxic components, as described in
paragraph 427.

Classificatien Procedure

417. In general 2 more severe classification for mixtures overrides a less severe classification,
e.g. a classification with Chronic [ overrides a classification with Chronic 1I. As a consequence the
classification procedure Is already completed if the results of the classification is Chronic . A more
severe classification than chronic I is not possible therefore it is not necessary to undergo the farther
classification procedure.

Classification for the Acute Categories I, IT and IIT

418, First all components classified as Acute I are considered. If the sum of iliese components
is greater tlan 25% the whole mixture is classified as Category Acute 1. If the result of the
calculation is a classification of the nixture as Category Acute 1, the classification process is
completed.

419, In cases where the nixture is not classified as Acute I, classification of the mixture as
Acute 11 is constdered. A mixture is classified as Acute II if ten times the sum of all components
classified as Acute 1 plus the sum of all components classifted as Acote 11 is greater than 25%. If
the result of the calculation is classification of the mixture as Category Acute II, the classification
process is completed.

420. In cases where tlie mixture is not classified either as Acute 1 or Acute I, classification of
the mixture as Acute III is considered. A mixture is classified as Acute III if 100 times tlie sum of
all components classified as Acute I plus 10 times the sum of all components classified as Acute 11
plus the sum of all components classified as Acute 111 is greater than 25%.

421, The classification of mixtures for acute hazards based on this summation of classified
components, is summarised in Table 16 below.

Fable 16: Classification of a mixture for acute liazards, based on
summation of classified components.

Sum of components classifted as: Mixture is classtfied as:
Acute Ix M >25% Acutc I
(M x 10 x Acute I) +Acute 1] ' >25% Acute 11
(M x 100 x Acute I+ (10 x Acute I) + Acute HI >25% Acute I11

1) for explanction of the Mfactor, see parograph 427
Classificarion for the Chronic Categories I, I, I and IV

422, First all components classificd as Chronic I arc considercd. If the sum of these
colnponents is greater than 23% the mixture is classified as Category Chronic I If the result of the
calculation is a classification of the mixture as Category Chronic I the classification procedure is
completed.
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423, in cases where the mixture is not classified as Clrenic I, classification of the mixture as
Chronic 11 is considered. A wixture is classified as Chronic II if 10 times the sum of all components
classified as Chronic I plus the sum of all components classified as Chronic II is greater than 25%.
If the result of the calculation is classification of the mixture as Clyonic 11, the classification process
is completed.

424. In cases where the mixture i$ not classified either as Chronic I or Chronic 11, classification
of the mixture as Chronic Il is considered. A mixture is classified as Chronic 11[ if 100 times the
sum of all components classificd as Chronic I plus 16 times the sum of all components classificd
with Chronic II plus the sum of all components classified as Chronic I1f is greater than 25%.

425, If the mixture is still not classified in either Category Chronic 1, IF or I, classification of
the mixture as Chronic IV should be considered. A mixture is classified as Chronic IV if the sum of
the percentages of components classified as Chronic 1, 11, IIl and IV is greater than 25%.

426. The classification of mixtures for chronic hazards, based on this sunumation of classified
components, is summarised in Table 17 below.,

Tahle 17: Classification of a mixture for chronic hazards, based on
summation of classified components.

Sum of componcents classified as: Mixture is classified as:
Chronic 1 x M" >25% Chronic 1

{M x 10 x Chronic 1)+Chronic II >25% Chronic I}

(M x 100 x Chroni¢ [}+{10x Chronic ID+Clirenic IIf  >25% Chronic I1I
Chronic I + Chronic It + Chronic III +Chronic IV > 25% Chronic IV

i3 for explanation of the M factar, see paragraph 427

Mixtures with highly toxic components

427. Acute Category [ components with toxicities well below 1 ing/L. may influence the toxicity
of the mixture and should be given increased weight in applying the summation of classification
approach. When a mixture confains components classified as Acute or Chronic Category I, the
tiered approach described in paragraphs 418-426 should be applied using a weighted sum by
multiplying the concentrations of each Acute Category I components by a factor, instead of merely
adding up the percentages. This means that the concentration of “Acute I”in the left column of
Table 16 and the concentration of “Chronic I'" in the left column of Table 17 are multiplied by the
appropriate maltiplying factor. The multiplying factors to be applicd to these componcnts are
defined using the toxicity value, as summarised in Table I8 below. Therefore, in order to classify a
mixture ceitaining Acute/Chronic [ compeonents, the ¢lassificr needs to be informed of the value of
the M factor in order to apply the summation mcthod. Alternatively, the additivity formula
(paragraph 412) may be used when toxicity data arc available for all highly toxic components in the
mixture and there is convincing evidence that all other components, including those for wlich
specific acutc toxicity data arc not available, are of low or ne toxicity and do not significantly
confributc to the cnvironmental hazard of the mixture.
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Table 18; Multiplying facters for highly toxic components of mixtures

L{EYCs, value Multiplying factor (M)
0.1 < L{E}Csp <1 1
0.01 <I{E)Cxp <0.1 10
0.00] < L(EYCs<0.01 100
0.0001 < L(E)Cs < 0.001 1000
0.0000] < L{E)Cs; = 8.0001 10000
{continue in factor 10 intervals)

CLASSIFICATION OF MIXTURES WITH COMPONENTS WITHOUT ANY USEABLE
INFORMATION.

428, In the event that no uscable information on acute and/or chronic aquatic toxicity is
available for one or more relevant components, it is concluded that the mixture cannot be attributed
(a) definitive hazard category(ies). In this situation the mixture should be classificd based on the

knewn components only, with the additional statement that: “x percent of the mixture consists of

components(s) of unknown hazards to the aguatic environment”.
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For the convenience and comparison of the various endpoints, the scheme and criteria for classifying each liazard are presented in the following
diagram. The criteria have been drastically abridged and the end-point chapiers must be consulted for the specific details to avoid

misunderstanding.
ENBPOINT HAZARD CATEGORIES AND CRITERIA
ACUTE TOXICITY Category | Calegory 2 Category 3 Category 4 Calegory §
Oral 5 50 300 2 000 5 000 {or equivalenl doses for
{mg/ke) other routes)
Dermal 50 200 1000 2000 Criria:
fmgke) s Indicalion of gignilican) effect
Inhalatign ™! in hnman
»  Any mortalicy al Category 4
gas (ppm) 100 500 2 500 5000 »  Significant clinical signs at
off Ynoie2d Cutegory 4

vapnur (ing/L 0.5 2.0 10 20 »  Todications front other studies

H o, ok o
thnst/mists (mg/L/4 hes} 0.05 05 1.0 5

Note I;  Inhalation cut-oif values are based on 4 kour testing exposures. Conversion of existing inhalation toxicity aty which has been generated according to | howr exposures
shonld be by dividing by ¢ factor of 2 for gases snd vapours aml 4 for dusls and mists.

Note 2:  Samrated vaponr concentralion may be nsed as an additional element 1o provide for specific health wl safety,

Note 3:  For some chemicals the 1051 aumosphrere will not just be a vapour but will consist of & mixture of liquid and vapour phases. For other chemcals the test atmosphere may
consist of a vapour which is near the gaseous phase. In these latier cases, classificalion should be based on ppm as follows: Category | {100 ppm}, Category 2 (508 ppm},

Calegory 3 (2500 ppnyy, Categnry 4 (5000 ppm}.

Mote4: The values for dusts and mists shonld be reviewed to adapt 10 any future changus to QECD Test Guidelines with respeet 1o technical limitation in generating, mainlaining

aod measuring dust and misl eoncentrations in respirable fonn.
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ENDPOINT

HAZARD CATEGORIES AND CRITERIA
Category | Category 2: Category 3:
DERMAL - Reversible adverse effects {- Reversible adverse effects
TRRFTATION/ Destruction of dermal tissue: visible necrosis in at least one animal in dermal tissue in dernal tissue
CORROSION
Subcategory |A Subeategory |B Subcategory 1€ - Mean Drajze score in 2 of }- Mean Draize scorg in 2
3 animals: of 3 animals:
Exposure < 3 mites Exposire < | hour Exposure £ 4 hours 2.3 <erythemaleschar/ 1.5 < erythema/
Observation < 1 hour Observation < 14 days Observation < 14 days edema < 4.0, or eschar/ edema < 2.3
- persistent inflanmunatjon
Catcgory | Category 2
- 1rreversible‘damage to cormea, iris, conjunctiva 21 days afier exposure inat |- reversible adversc effects on comea, iris, coajuctiva
EYE IRRITATION/ least one animal - mean Draize score in 2 of 3 animals;
CORROSION - mean Draize score in 2 of 3 animals: - corncal opacity: >1,iritis: > | redness > 2 cliewnosis: =2
corncal opacity > 3, iritis >1.5
. Subealegory 2A: Subcalcyory 2B:
reversible i 21 days reversible in 7 days
Category |:
RESPIRATORY . . . -
SENSITISATION - evidence of specifie respiratory liypersensitivity, or
- positive results from animal test
Catapory 1:
DERMAL . . e .
SENSITISATION - gvidence in humans of sensitisation by skin contact, or

- positive results from animal tests
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Calcgory |

known 10 produce heritable mutations in heman genn cells

Calegnry 2:

GERM CELL Subeategory tA Subgalegory | B
MUTAGENICITY
positive evidence from posilive resulls in;
cpidemiclogical ~ in vire lieritable germ cell tests - mayindoce heritabte nawtations inlaunan germ cells
studics in mamnals - positive evidence from tests in manunals and somatic cel) ests
- lhiman germ cell wsts - invive somatic genotloxicity supperted by iv vifto muiagenicity
~ i viviz somatic nRiagenicity fesls,
combined with some evidence of
perm cell motagenicity
Category |: Category 2:
Kanwn ar presumed carcinogen
Subcategory LA Subcate IB; - suspecled careinogen
CARCINOGENICITY - liited evidenee of human or animal carcinogenicity
known buman carcicogen based on ¢ presnmed hurim careinogen based on
tuman evidence demonstraied animal carcinogenicity
Category i: Category 2: Additional Caegory
REPRODUCTIVE known or presumed henian reproductive or developmental toxiennt
TOXICITY suspecied buman reprodustive or effects on of via lactation

Calecory tA: Catepory | R: developmental taxicant
known presumed
123
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SPECIFIC TARGET
ORGAN SYSTEMIC
TOXICITY:

SINGLE EXPOSURE

CATEGORY ¢

CATEGORY 2

Presumed to have the potential w produce significant toxicity

+  Reliable evidenee Iruny humans

*  Observations from animal studies

+  LBxpert judgement based on weight of cvidenee including the
following guidance values of dose levels showing the effcet:

- oral < 300 mgfkg/bw
- dermal < 1000 ing/ko/bwy
- inhalation (gas) <2500 ppin

- inhalation (vapout) = 10/l
- inhalation (dust/mist) < 1.0 mg/l.

Presumed to have the potential to be harmaful

s Observations fromanial studies
s Expcct judgement based on weight of ovidence including the
lollowing puidance vnlues of dose level showing the ellects
- otl 2000 >c > 300 mg/.
- dermal 2000 2¢ > 1000 nyyl
- inhalation {gag} 5000 =c >2500 ppm
- inhalatien {vapour} 20 =¢> 1) mgl.
inhalation lustmist) 5>x¢ > Ll mg/l.

SPECIFIC TARGEY
ORGAN SYSTEMIC
TOXICITY:

REPEATED EXPOSURE

CATEGORY |

CATEGORY 2

Presumed to have the potential to produce significant toxieity

¢ Religble evidence from humans

¢ Observations fron aninal studies

¢ Expernt judgement based on weight of evidence including the
following guidance values uf duse levels showing the ctfect:

- oral < 10 mgkg/bw
= dermal < 20 mgikg/bw
- inhalation {gas} < M ppm

- inhalation (vapmut) = 0.2 mg/L

- inhalation (dust/mist} < 0.02 mp/L

Presumed o have the potential o be hatmful

¢ (Observaiions from animal siudies
*  Expect judgement based on weight of evidence including the
follewing puidance values of dose level showing the effcets
- ural 100 ¢> 10 mg/L
- dermal 200 =c> 20 mg/l.
- inhalation (gas) 250 zc¢> 50 ppiu
- inhalmien {vupoor} 110 zc> 112 mgl.
inhalation {dust/misty 0.2 zc > 0.02 mg/L

+
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AQUATIC
TOXTCTTY

acuic loxicity < 1.00mg/L

Aciile Cojegory 2:

acule toXicity > 1.00 but < 10.0mg/l,

Acute Calegory 3

acate loxicity > 10.0 but £ 100meg/L

Chronic Caegory |

acute toxieity £ 1.00mg/L and lack
of rapid degradubility and log Kow
z4 unless BCF < 500

Chronic Calegory 2:

acole wxicity > 1.00 but £ 10.0mg/L.
und Jack of vapid degradubility and
log Kow 24 unless BCF < 500 amd
miless chronic tnxicicy > | mg/t

Chronic Category 3:

acule loxicity = FILO bul £ 1 00mg/L
and lack of rapid degradability und
log Kow 2 4 imless BCF < 500 and
onless chronic wxicity > | mg/L

Chronic Caggory 4:

acule taxicity > 100 ngf/L and lack o
rapid degradabifity imd log Kow 2 4
unless BCF < 5300 and unless chronic
wxicity > tmg/L
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Glossary of important terms used in thc Guidance Document "

Substance ¥

Chemical elements and their compounds in the patural state or
obtained by any production process, including any additive
necessary to preserve the stability of the product and any impurities
deriving from the process used, but excluding any solvent which
may be separated without affecting the stability of the substances or
changing its composition.

Mixture ?

Mixtures or solutions composed of two or more substances in which
they do not react.

Maulti-component
substances or Complex
substances ¥

Mixtures comprising a complex mix of individual substances with
different solubilities and physico-chemical propertics. In most
cases, they can be characterised as a homoelogous series of
substances with a certain range of carbon chain length/number or
degree of substitution, These materials are frequently referred to as
“complex mixtures”. But, in this Guidance Document, these are
referred to as “multi-component substances™,

Geometric mean of the
effect concentrations

Antilog of the miean of the log-transformed effect concentrations.

Availability

Availability is the extent to which a substance becomes a soluble or
disaggregate speeics. For metals availability is the extent to which the
metal jon portion of a metal (M°) coempeund can disaggregate from
the rest of compound (molecule).

Bioavailability

Extent t¢ which a substance is 1aken up by an organism, and
distributed te an area within the organism. It is dependent upon:
physicochemical properties of the substance; anatomy and physiclegy
of the organisny pharmacokinetics; and route of exposure.
Availability is not a prerequisite for bioavailability.

Acute toxicity

Infringic property of a substance to be injurious to an organism in a
shont-term exposure to that substance.

Chronic Toxicity

Potential or actual properties of a substance to canse adverse cffeets to
aquatic organisms during exposures which are determined in relation
to the life-cycle of the organism.

Degradation Decompeosition of organic molecules to smaller meolecules and
eventually to carbon dioxide, water and salts.

Bioaccumulation Net result of uptake, transformation, and elimination of a substance
in an organism due to all routes of exposure (ie., via air, water,
sedimen¥/soil, and food).

Biceoncentration Net result of uptake, transformation, and elimination of a substance

in an organism due to waterborne exposure,

Noig {. All 1erms and Wlieir description should be considered as working definitions for the purpose of this

Guidance Documient only.

Noig 2. The definition is ciled from a paper (ENV/IM/HCL(99)11), entilled “Siep 2 proposal for Hannonised

Classification Crileria for Mixiures” and therefore considered as a provistonal definition,

Nole 3. Considemtion is given to the consistency with the definition of “mubi-coniponent subslances™ {or
"complex subslances™) in Draft Guidance Document on Aquatic Toxicity Tesling of Difficull Substances and

Mixtures.
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1. INTRODUCTION

1. As part of a wider intcrnational cffort on the global harmonisation of hazard classification
systems, agreement was reached in technical working groups on a set of critcria that would form the
basis of a giobal scheme for identifying substances hazardous to the aquatic ¢nvironment. Such a
scheme fornis part of an international agreement on hazard classification of substances. The criteria
were endorsed by the Joint Meeting of the OECD in November 1998 and form part of the Globally
Harmienised Classification System (GHS) which is expected to be implemented under ECOSOC in
2001 (sce Appendix). In developing the criteria, it was agreed that the detail needed to properly
define the hazard to the environment resulted in a complex system for which some suitable guidance
would be necessary. The harmonised proposal makes a number of references to a Guidance
Document in the detaited explanation of the scheme., The purpose of this document is therefore
twofold:

¢ to provide a description of and guidance to how the system will work
e to provide a guidance to the interpretation of data for use in appiying the classification
criteria

2. The hazard classification scheme has been developed with the object of identifying those
chentical substances that present, through the intrinsic properties they possess, a danger to the
aquatic envirenient. In this context, the aquatic environment is taken as the aquatic ecosystem in
freshwater and marine, and the organisms that tive in it. For most substances, the majority of data
available addresses this environmental compartment, The definition is fimited in scope in that it
does not, as yet, include aquatic sediments, nor higher organisms at the top end of the aquatic food-
chain, although these may to some extent be covered by the criteria selected.

3. Although limited in scope, it is widely accepted that this compartment is both vulnerabie,
in tliat it is the final receiving environment for many harinful substances, and the organisms that live
there are sensitive, It is also complex since any system that seeks to identify hazards to the
environment must seek to define those effects m terms of wider effects on ecosystems rather than on
individuals within a species or poputation. As will be described in detail in the subsequent clapters,
a limited set of specific properties of chemical substances have been selected through which the
hazard can be best described: aquatic toxicity;, lack of degradability; and potential or actual
bioaccumnulation. The rationale for the selection of these data as the means to define the aquatic
hazard will be described in more detail in Chapter 2.

4, The application of the criteria is also limited, at this stage, to chemical substances. The
term substances covers a wide range of chemicals, many of which pose difficult chailenges to a
classification system based on rigid criteria. The following chapters will thus provide some
guidance as to how these chailenges can be dealt with based both on experience in use and clear
scientific rationate. A substance, in this context, is defined in the Step 2 Proposal for Harmonised
Classification Criteria for Mixtures (ENV/IM/MHCL(99)11) as ‘“chemical ¢lements and their
compounds in the natural state or obtained by any production process, inctuding any additive
neccessary to preserve the stabitity of the product and any imnpurities deriving from the process used,
but excluding any solvent which may be separated without affecting the stabitity of the substance or
changing its composition”. While the harmoniscd criteria apply most casily to the classification of
individual substances of defined structure, some materials that fall vnder this definition are
frequently refered to as “complex mixtures™.  In most cases they can be characterised as a
homotogous scrics of substances with a certain range of carbon chain length/mumber or degree of
substitution. Special methodologies have been developed for testing which provides data for
evaluating the intrinsic hazard to aquatic organisius, bioaccumulation and degradation. More
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specific guidance is provided in the separate chapters on these properties. For the purpose of this
Guidance Document, these materials will be referred to as “complex substances™ or “multi-
component substances”,

5. While aspects of the criteria can potentially be applied to chemical mixtures, the
interpretation of test data is often complex and ambiguous and it is possible that another method of
classification, such as a calculation based on the component substances may be preferred. The basis
of a harmonised approach to the classification of mixtures is still under discussion and thus, while
the criteria should form the basis of future decision making, it is not felt that they can or should be
applied directly to mixtures at this time.

6. Each of these properties (i.e., aquatic toxicity, degradability, bicaccumulation} can present
a complex interpretational problen1, even for experts. While internationally agreed testing
guidelines exist and should be used for any and all new data produced, many data usable in
classification will not have been generated according to such standard tests. Even where standard
tests have been used, some substances, such as complex substances, hydrolytically unstable
substances, polymers etc, present difficult interpretational problems when the results have to be used
within the classification scheme. Thus data are available for a wide variety of both standard and
non-standard test organisms, botll marine and freshwater, of varying duration and utilising a variety
of endpoints, Degradation data may be biotic or abiotic and can vary in environmental relevance.
The potential to bicaccurnulate can, for many organic chemicals, be indicated by the octanol-water
partition coefficient. It car however be affected by many other factors and thesc will also need to be
taken into account,

7. It is clearly the objective of a globally harmonised system that, having agreed on a
common set of criteria, a common data-set should also be used so that once classified, the
classification is globally accepted. For this to occur, there must first be a common understanding of
the type of data that can be used in applying the criteria, both in type and quality, and subsequently &
comumor interpretation of the data when measured against the criteria. For that reason, it has been
felt necessary to develop a transparent guidance decument that would seek to expand and explain
the criteria in such a way that a common understanding of their rationale and a common approach to
data intcrpretation may be achieved. This is of particular importance sinee any harnmonised system
applied to the “universe of chiemicals” will rely heavily on sclf-classifical ion by mamufacturcrs and
supplicrs, classifications that must be accepted across national boundaries without always recciving
regulatory serutiny. This guidance document, therefore, secks to inform the reader, in a nunber of
key areas, and as a result lecad to classification in a consistent manner, thus cnsuring a truly
hasmonised and self-operating system.

8. Firstly, it will provide a detailed description of the criteria, a rationale for the criteria
sclected, and anr overview of how the scheme will work in practice {Chapter 2). This chapter will
address the eotmimon sources of data, the need to apply & quality criteria, how to elassify when the
data-set is incomplete or when a large data-set leads to an ambiguous classification, and other
commeonly encountered classification problems.

9. Secoudly, the guidance will provide detailed expert advice on the interpretation of data
derived from the available databases, including how to use non-standard data, and spccific quality
criteria that may apply for individual properties. The problems of data interpretation for “difficult
substances”, those substances for which standard testing methods either do not apply or give
difficult intcrpretational problems, will be desciibed and advice provided on suitable solutions. The
emphasis will be on data interpretation rather than testing since the system will, as far as possible,
rely on the best available existing data and data required for regulastory purposes. The three core
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properties, aquatic toxicity (Chapter 3), degradability {Chapter 4) and bicaccumulation (Chapter 5)
are freated separately.

10. The range of interpretational problems can be extensive and as a result such interpretation
will always rely on the ability and expertise of the iadividuals responsible for classification.
However, it is possible to identify some commonly occurring difficulties and provide guidance that
distils accepted expert judgement that can act as an aid to achieving a reliable and consistent result.
Such difficulties can fall into a number of overlapping issues:

a) The difficulty in applying the current test procedures to a number of types of substance.

by The difficulty in interpreting the data derived both from these “difficult to test”
substances and from other substances.

c) The difficulty in interpretation of diverse data-sets derived from a wide variety of sources.

11. For many organic substances, the testing and interpretation of data present no problems
when applying both the relevant OECD Guideline and the classification criteria, There are a
number of typical interpretational problems, however, that can be characterised by the type of
substance being studied, These are commonly called “difficult substances™:

- poorly soluble substances: these substances are difficult to test because they present
problems in solution preparation, and in concentration maintenance and verification
during aquatic toxicity testing, In addition, many available data for such substances
have been produced using *“solutions™ in excess of the water solubility resulting in
major interpretational problems in defining the true 1I(E)Csy for the purposes of
classification. Interpretation of the partitioning behaviour can also be problematic
wliere the poor solubility in water and octanol may be compounded by insufficient
sensitivity in the aualytical method. Water solubility may be difficult to determine and
is frequently recorded as simply being less than the detection limit, creating problems
in interpreting both aquatic toxicity and bicaccimulation studies. 1n biodegradation
studies, poor solubility may result in low bioavailability and thus lower than ¢xpected
biodegradation rates. Tlie specific test method or the choice of procedures used can
thus be of key importance.

- unstable substances: substance that degrade (or react) rapidly in fhe test system again
present both testing and interpretational problems, It will be necessary to detenmine
whether the comect methodology has been vsed, whether it is the substance or the
degradation/reaction product that has been tested, and whether the data produced is
rclevant te the classification of the parent substance.

- volatile substances: such substances that can clearly present testing problems when
used in open systems should be evaluated to ensure adequate maintenance of exposure
concentrations. Loss of test material during biodegradation testing is incvitable in
certain mcthods and will lead to misinterpretation of the results.

- coniplex or multi-component substances: such substances, for example, hydrocarbon
mixtures, frequently cannot be dissolved into a homogeneous solution, and the
multiple components make monitaring impossible. Consideration therefore needs to
be given to using the data derived froin tlie testing of water accommodated fractions
(WAFs) for aquatic toxicity, and the utilisation of such data in the classification
scheme. Biodegradation, bicaccumulation, partitioning behaviour and water solubility
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all present problems of interpretation, where each coniponent of the mixture may
behave differently.

- polymers: such substances frequently have a wide range of molecular masses, with
only a fraction being water soluble. Special methods are available to determine the
water soluble fraction and these data will need to be used in interpreting the test data
against the classification criteria.

- inorpanic compounds and metals: such substances, which can interact with the media,
can produce a range of aquatic toxicities dependant on such factors as pH, water
lhardness ete. Difficult interpretational problens also arise from the testing of essential
elements that arc beneficial at certain levels. For metals and inorganic metal
compounds, the concept of degradability as applied to organic compounds has limited
or no meaning. Equally the use of bicaccumulation data should be treated with care.

- surface active substances: such substances can form emuisions in which the
bicavailablity is difficult to ascertain, even with careful solution preparation. Micelle
formation can result in an overestimation of the bioavailable fraction even when
“solutions” are appareitly fonmed. This presents significant problems of interpretation
in each of the water solubility, partition cocfficient, bicaccumulation and aquatic
toxicity studies.

“ ionizable substances: such substances can change tlic extent of ionization according to
the level of counter ions in the media. Acids and bases, for example, will show
radically different partitioning beliaviour depending on the pH.

- coloured substances: such substance can cause problems in the algal/aquatic plant
testing because of the blecking of incident lighi.

“ Impurities: some substances can contain impurities that can change in % and in
chemical nature between production batches., Interpretational problems can arise
where eitlier or both the toxicity and water solubility of the impurities are greater than
the parent substance, thus potentially influencing the toxicity data in a significant way.

12. These represeat some of the problems encountered in establishing the adequacy of data,
interpreting the data and applying that data to the classification scheine. Detailed guidance on how
to deal with these problems, as well as other issues refated will be presented in the following
Chapters. The interpretation of data on aquatic toxicity will be covered in Chapter 3. This chapter
will deal with the specific interpretational problems cncountered for the above “difficult
substances”, including providing some advice on when and how such data can be used within the
classification scheme. Also covered will be a general description of the test data used and the
testing methodologics suitable for producing such data.

3. A wide range of degradation data are available that must be interpreted according to the
criteria for rapid degradability. Guidance is thus nceded on how to use these data obtained by
eniploying non-standard test methods, including the use of haif-lives where these are available, of
primary degradation, of soil degradation rates and their suitability for extrapolation to aguatic
degradation and of environmental degradation rates. A short description of estimation techniques
for evaluating degradability in relation to the classification criteria is alse included. This guidance
will be provided in Chapter 4.
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14, Methods by which the potential to bicaccumulate can be detenmined will be described in
Chapter 5. This chapter will describe the relationship befween the partition coefficient criteria and
the bioconcentration factor (BCF), provide guidance on the interpretation of existing data, how to
estimate the partition coefficient by the use of QSARs when no experimental data are available and
in particular deal with the specific problems identified above for difficult substances. The problems
encountered when dealing with substances of high molecular mass will also be covered.

135, A chapter is also included which covers general issues concerning the use of QSARs
within the system, when and how they may be used, for each of the three properties of concern. As
a general approach, it is widely accepted that experimental data should be used rather than QSAR
data when such data are available. The use of QSARs will thus be limited to such times when no
reliable data are available. Not all substances are suitable for the application of QSAR estimations,
however, and the guidance in Chapter 6 will address this issue.

16. Finally, a chapter is devoted to the special problems associated with the classification of
metals and their compounds. Clearly, for these compounds, a number of the specific criteria such as
biodegradability and octanol-water partition coefficient cannot be applied although the principle of
lack of destruction via degradation, and bicaccumulation remain important concepts. Thus it is
necessary to adopt a different approach. Metals and metal compounds can undergo interactions
with the media which affect the solubility of the metal ion, partitioning from the water column, and
the species of metal ion that exists in the water column. In the water column, it is generally the
dissolved metal ions which are of concern for toxicity. The interaction of the substance with the
media may either increase or decrease the level of ions and hence toxicity. It is thus necessary to
consider whether mctal ions arve likely to be formed from the substance and dissolve in the water,
and if so whether they are formed rapidly enough to cause concern. A scheme for interpreting the
resulis from this type of study is presented in Chapter 7.

17. While the Guidance Dogument provides useful advice on how to apply the criteria to a
widc variety of situations, it remains a guidance only. It cannot hope to cover all situations that
arisc in classification. 1t should therefore be seen as a living document that in part describes the
fundamental principles of the systein, e.g., hazard based rather than risk based, and the fixed criteria.
It must also, in part, be a repository for the accumulated experience in using the scheme to include
the interpretations which allow the apparently fixed criteria to be applied in a wide varicty of non-
standard situations.
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2. THE HARMONIZED CLASSIFICATION SCHEME

21 SCOPE

18. The criteria were developed taking into account existing systems for hazard classification,
such as EU- Supply and Use System, the Canadian and US Pesticide systems, GESAMP hazard
cvaluation pracedure, IMO Sclieme for Marine Pollutant, the Buropean Road and Rail Transport
Scheme (RID/ADR), and the US Land Transport. These systeins include supply and subscquent use
of chemicals, the sea transport of chemical substances as well as trausport of chemical substances by
road and rail. The harmonised criteria are therefore intended to identify hazardous chericals in a
common way for nse thronghout all fhesc systems. To address the needs for all different sectors
{(transport and supply and use) it was necessary to create two different classification categories, one
acute category, cousisting of three categories and onc chrenic category, consisting of 4 categorics.
The acute classification category makes provision for two acute hazard categories (acute If and 11I)
not normally used when considering packaged goods. For substances transported in bulk, there are
a mumber of regulatory decisions that can uniquely anse because of the bulk guantities being
considered, For these situations, for example where decisions are required on the ship type to be
used, consideration of all acute classification categories as well as the chronic classification
categories are considered important. The following paragraphs describe in detail the criteria to be
used in defining each of these hazard categories.

2.2 CLASSIFICATION CATEGORIES AND CRITERIA
9, Tl hazard categories lhave been defined, according to the criteria set out below,

2.2.1 Acute toxicity

Categoryv: Acutel
Acute toxicity:

96 hr LC., {for fish) sl mg/l. andfor
48 hr ECy, (for crustacea) sl mg/l. andfor
72 or 96Iir ErCsy (for algac or other aqguatic plants) <1 g/l

Category: Acute I may be subdivided for some regulatory systems {0 include a lower band at L{E)Cs 50.1
mg/l.

Category: Acute I

Acute toxicity:
96 lir LC;, (for fish) >} - 510 mg/L and/or
48 hr ECs, (for crustacea) >] - £10 mg/L and/or
72 or 96lir ErCsqg (for algae or other aquatic plants) >l - €10 mg/l.

Categorv: Acute Ff

Acute toxicity:
56 hr LCs, (for fish) >0~ £100 mg/L and/or
48 hir ECsp {for crustacea) >10 - 2100 mg/l. and/or
72 or 96hr ErCs, (for algae or other aguatic plants) >10 - €100 mg/L.

Some regulatory systems may cxtend this range beyond an L(EYCsp of 100 mg/L through the intreduction
of anotlier category.
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2.2.2 Chronic toxicity

Category: Chronicl

Acute toxicity:
06 hr LCsq (for fish) <] mg/l. and/or
48 hr EC5y (for crustacea) <1 mg/L andfor
72 or 96hr ErCs; {for algac or other aquatic plaats) <l mg/L

and the substance is not rapidly degradable and/or the log Kow Z 4 (unless the experimentally determined
BCF <500).

Categary; Chronicll
Acute toxicity

96 hr L.Csq (for fish) >1 to €10 mg/L. and/or
48 hr EC, (for crustacea) > to €10 mg/L. andfor
72 or 96lir ErCsq (for algac or other aquatic plants) >1 to <10 mg/L

and the substance is not rapidly degradable and/or the log Kow 24 (unless the experimentally determined
BCF <300}, unless the chronic toxicity NOECs are > | mg/L.

Category: Chronic I]
Acute toxicity:

06 hr L.Csq (for fish) >10te £100 mg/L and/or
48 hr ECsq (for crustacea) >10 to £100 mg/L and/or
72 or 86hr ErCsg {for algae or other aguatic plants) >10 to <100 mg/L

and the substance is not rapidly degradable and/or the log Kow 24 (unless the experimentally detennined
BCF «<500) unless the chronic toxicity NOECs are >1 mg/L..

Categorv: Chronie IV
Poorly soluble substances for which no acute toxicity is recorded at levels up to the water solubility, and

which are not rapidly degradable and have a log Kow z 4, indicating a potential to bicaccunmlate, will be
classified in this category unless other scientific evidence exists showing classification to be unnecessary.
Such evidence would include an experimentally deterinined BCF <500, or a chrenic toxicity NOECs >1
mg/L, or evidenee of rapid degradation in the environment.

23 RATIONALE

20. The harmonised system for classification recognises that the intrinsic hazard to aquatic
organisms is represented by both the acute and chronic or longerterm toxicity of a substance, the
relative importance of which is determined by the specific regulatory regimes in operation.
Distinction can be made between the acute liazard and the chrenic hazard and therefore hazard
categories are defined for both properties representing a gradation in the level of hazard identified.
Clearly the hazard identified by Chronic I is miore severe than Chronic I Since the acute hazard
and chronic hazard represent distinct types of hazard, they are not comparable in terms of their
relative severity. Both hazard classed should be applied independently for the classification of
substances to establish a basis for alf regulatory systems.

21. Tlie prinicipal hazard bands defined by the criteria relate largely to the potential for chronic
hazard. This reflects the overriding concern with respect to chemicals in the environment, namely

that the effects caused are usually sub-lethal, e.g., ¢ffects on reproduction, and caused by longer-
term exposure. While recognising that the chronic hazard represents the principal concern,
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particularly for packaged goods where environmental release would be limited in scope, it must also
be recoguised that chronic toxicity data are expensive to generate and generally not readily available
for most substances. On the other hand, acute toxicity data are frequently readily available, or can
be generated to highly standardised protocols. it is this acute toxicity which has therefore been used
as the core property in defining both the acute and the chronic hazard. Nevertheless, it has been
recognised that, where chronic toxicity data are available, it should be possible to use these in
defining the appropriate hazard band. The development of specific criteria using such data is thus a
high priority in the future development of the scheme.

22, While recognising that acute toxicity itseff is not a sufficiently accurate predictor of
chronic toxicity to be used solely and dircetly for cstablishing hazard, it is considered that, in
combination with either a potential to bicaccumulate {i.e., a log Ko 24 unless BCF <500) or
potential longer-term exposure {(i.c., lack of rapid degradation) it can be used as a snitable surrogate
for classification purposes, Substances that show acute toxicity and also bioaccumulate to a
significant degree will normally show chronic toxicity at a significantly lower concentration.
Precise acute: chronic ratios are difficult to predict and thus the surrogate data are generally
precautionary. Equally substances that do not rapidly degrade have a higher potential for giving rise
to longer term exposures which again may result in long-term toxicity being realised. Thus, for
example, Category Chronic | should be assigned if either of the following criteria are met:

1} L{EYC s, for any appropriate aquatic species <1 mg/l and a potential to bioaccumulate
{log Kow 24 nless BCF <500).

ii} L{E)Cs, for any appropriate aquatic species <1 mg/l and a lack of rapid degradation.

23. The precise definitions of acute toxicity of an appropriate species, lack of rapid
degradation and potential to bioaccumulate are detailed in Chapters 3, 4 and 5 respectively.

24. For some poorly soluble substances, which are normally censidered as those having a
water solubility < I mg/l, no acute toXicity is expressed in toxicity tests perfonned at the solubility
limit. If for such a substance, however, the BCF = 500, or if absent, the log K, 2 4 {indicating a
bivaccumulating potential) and the substance is also not rapidly degradable, a safety net
classification is applied, Chrouic Category TV. For these types of substance the exposure duration in
short term tests may well be too short for a steady state concentration of the substance to be reached
in the test organisms. Thus, even though no acute toxicity has been measured in a short term {acute)
test, it remains a real possibility that such non-rapidly degradable and bicaccumulative substances
may exert chronic effects, particularly since such low degradability may lead to an extended
exposure period in the aguatic envirenment,

25. In defining acute aguatic toxicity, it is not possible to test all species present in an aguatic
ecosystem, Representative species are therefore chosen which cover a range of trophic levels and
taxonormic groupings. The taxa chosen, fish, crustacca and aquatic plants that represent the “base-
set” in most hazard profiles, represent a minimum data-sct for a fully valid description of hazard.
The lowest of the available toxicity values will nommally be used te define the hazard category.
Given the wide range of specics in the environment, the three tested can ouly be a poor surrogate
and the lowest value is therefore taken for cautious reasons to define the hazard band. In doing so, it
is recogniscd that the distribution of species sensitivity can be several orders of magnitude wide and
that there will thus be both more and less sensitive species in the environment. Thus, when data arc
imited, fhe usc of the most sensitive species tested gives a cautions but acceptable definition of the
hazard. There are some circumstances where it may not be appropriate to use the lowest toxicity
value as the basis for classification. This will usually only arise where it is possible to define the
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sensitivity distribution with more accuracy than would normally be possible, such as when large
data-sets are available. Such large data-sets should be evaluated with due caution.

2.4 APPLICATION

26, Generally speaking, in deciding whether a substance shiould be classified, a search of
appropriate databases and other sources of data should be made for the following data elements:

- water solubility

- octanol/water partition coefficient (log Kow)

- fish bioconcentration factor (BCF)

- acute aquatic toxicity (L(E)Cses)

- chronic aquatic toxicity (MOECs)

- available degradation (and specifically evidence of ready biodegradability)
- stability data, in water

The water solubility and stability data, althougli not used directly in the criteria, are nevertheless
important since they are a valuable help in the data interpretation of the other properties (see para
1.

27. To classify, a review should first be made of the available aquatic toxicity data. ¥ will be
necessary to consider all the available data and sclect those which meet the necessary quality criteria
for classification. If thiere arc no data available that mect the quality criteria required by the
internationally standardised methods, it will be necessary to examine any available data to determine
wlicther a classification can be made. If the data indicate that the acute aquatic toxicity L(E)Cso
>100 mg/l for soluble substances, then the substauce is not classified as hazardeus. There are a
number of cases where no effects are observed in the test and the aquatic toxicity is thus recorded as
a >water solubility value, i.e., there is no acute toxicity within the range of the water solubility in the
test media. Where this is the casc, and the water selubility in the test media is 21 mg/l, again, no
classification need be applied.

28, Where the lowest aquatic toxicity data are below 100 mg/l, it is necessary to first decide
which hazard band the toxicity falls in, and then to deterinine whether the chronic and/or the acute
category should be applicd. This ean simply be achieved by examining the available data on the
partition coefficient, log K. and the available data on degradation. If either the log K24 or the
stibstance cannot be conusidered as rapidly degradable, then the appropriate chronic hazard category
and the corresponding acute category are applicd independently. ¥t should be noted that, although
the log K. is the most readily available indication of a potential to bicaccumulate, an
experimentally derived BCF is preferred. Where this is available, this should be used rather than the
partition coefficient. In these circumstances, a BCF 2500 would indicate bioaccumulation sufficient
to classify in the appropriate chronic hazard category. 1f the substance is both rapidly degradable
and has a low potential te bioaccumulate (BCF <500 or, if absent log Ky, <4) then it should not be
assigned to a chronic hazard band, only the acute liazard bands need be applied (see para 18).

29, For poorly seluble substances, generally speaking, those with a water sofubility in the test
media of <1 mg/l, for which no aquatic toxicity has been found, should be further examined to
determine whetlier chronic category IV need be applied. Thus, if the substance is both aot rapidly
degradable and has a potential to bioaccumulate (BCF 2500 or, if absent log K, 24), the chronic
category IV should be applied.
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25 DATA AVAILABILITY

30. The data used to classify a substauce can be drawn from data required for regulatory
purposes as well as the relevant literature, although a number of internationally recognised data-
bases exist which can act as a good starting point. Such databases vary widely in quality and
comprehensiveness and it is unlikely that any one database will hold all he information necessary
for classification to be made. Some databases specialise in aquatic toxicity and others in
environmental fate, There is an obligation on the chemical supplier to make the necessary searches
and cliecks to determine the extent and quality of tlhie data available and to use it in assiguing the
appropriate hazard band.

26  DATA QUALITY

3L The precise usc of the available data will be described in the relevant chapter but, as a
gencral rule, data gencrated to standard intermational guidelines and to GLP is to be preferred over
other types of data. Equally, however, it is iinportant to appreciate that classification can be made
based on the best available data. Thus if no data is available which confomis to the quality standard
detailed above, classification can still be niade provided the data used is not considered invalid. To
assist this proeess, a quality scoring guide has been developed and used extensively in a mumber of
fora and generally conforms to the following categories:

1. Data derived from official data sources that have been validated by regulatory
authorities, such as EU Water Quality Monographs, USEPA Water Quality Criteria,
These data can be considered as valid for classification purposes. No assumption
shiotlld be made that these are the only data availeble, however, and due regard
should be given to the date of the relevant report. Newly available data may not
have been considered,

2. Data derived from recognised intemational guidelines (e.g., OECD Guidelines) or
national guidelines of equivalent quality. Subject to the data interpretation issues
raised in the following chapters, these data can be used for classification.

3. Data derived from testing which, while not strictly according to a guideline detailed
above, follows accepted scientific principles and procedures and/or has been peer
reviewed prior to publication. For such data, where all thie experimental detail is not
recorded, some judgement may be required to determine validity. Normally, such
data may be used within the classification scheme.

4. Data derived from testing procedures which deviate significantly from standard
guidelines and are considered as unreliable, should not be nsed in classification.

5. QSAR data. The circumstances of use aud validity of QSAR data are discussed in the
relevant cliapters.

6. Data derived from sccondary sources such as handbooks, reviews, citation, etc where
the data quality cannot be directly c¢valuated. Such data should be cxamined where
data fiomn quality 1,2 and 3 are not available, to determine whether it can be used.

Soch data should have sufficient detail to allow quality to be assessed. In determining
the acceptability of these data for the purposes of classification, due regard should be
given to the difficulties in testing that may have affected data quality and the
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siguificance of the reported result in terms of the level of hazard identified (see para
76).

32, Classification may also be made on incomplete toxicity data-sets, e.g., where data are not
available on all three trophic levels. In these cases, the classification may be considered as
provisional’and subject to further information becoming available. In general, all the data available
will need to be considered prior to assigning a classification. Whbere good quality data are not
available, lower quality data will need to be considered. In these circumstances, a judgement will
need to be made regarding the true level of hazard. For cxample, where good quality data are
available for a particular species or taxa, this should be used in prefereace to any lower quality data
which might also be available for that species or taxa. However, good guality data may not always
be available for all thie basic data set trophic levels, Tt will be necessary te consider data of lower
quality for those trophic levels for which good quality data are not available. Consideration of such
data, however, will also need to consider the difficultics that may have affected the likelihood of
achieving a valid result. For cxample, the test details and experimental design inay be eritical to the
assessment of the wsability of some data, such as that from hydrolytically unstable cheinicals, while
less so for other chemicals. Such difficulties arc described further in Chapter 3,

33. Nonmnally, the identification of hazard, and hence the classification will be based on
information directly obtained from testing of the substance being considercd. There are occasions,
however, where this can create difficulties in the testing or the outcomes do not conform to common
sense. For example, some chenicals, although stable in the bottle, will react rapidly (or slowly) in
water giving rise to degradation products that may have different propertics. Where such
degradation is rapid, the available test data will frequently define the hazard of the degradation
products since it wili be these that have been tested. These data may be used to classify the parent
substance in the normal way. However, where degradation is slower, it 1nay be possible to test the
parent substance and thus generate hazard data in the normal manner, The subsequent degradation
may then be considered in determiniug whether an acute or chronic hazard category should apply.
There may be occasions, lowever, when a substance so tested may degrade to give rise to a 1nore
hazardous product, In these circumstanees, the classification of the parent should take due account
of the hazard of the degradation product, and the rate at which it can be formed under normal
environmental cenditions.

3. AQUATIC TOXICITY
31 INTRODUCTION

34. The basis for the identification of hazard to the aguatic environment for a substance is the
aquatic toxicity of that substance. Classification is predicated on having toxicity data for fish, crustacea,
and algae/aquatic plant available. These taxa are generally accepted as representative of aquatic fauna
and flora for hazard identification. Data on these particular taxa are more likely to be found because of

this general acceptance by regulatory authorities and the chemical industry. Other information on the-

degradation and bicaccunulation behaviour is used to better delineate the aquatic hazard. This chapter
describes the appropriate tests for ecotoxicity, provides some basic concepts in evaluating the data and
using combinations of testing results for classification, summarises approaches for dezling with
difficulty substances, and includes a brief discussion on interpretation of data quality.

3.2 DESCRIPTION OF TESTS

35. For classifying substances in the harmonized system, freshwater and nuarine speeies toxicity
data can be considered as equivalent data. It should be noted that seme types of substances, e.g.,
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lonizable organic chemicals or organometallic substances may express different toxicities in freshwater
and marine envirciunents. Since the purpose of classification is to characterise hazard in the aquatic
environment, the result showing the highest toxicity should be chosen.

36. The GHS criteria for determining health and environmental hazards should be test method
neutral, allowing different approaches as long as they are scientifically sound and validated accordingto
international procedures and criteria already refersed to in existing systems for the endpoints of concern
and produce mutually acceptable data, According to the proposed system {OECD 1998):

“Acute toxicity would nermally be determined using a fish 96 hour EC50 {OECD Test Guideline 203
or equivalent), a crustacea species 48 hour EC50 (OECD Test Guideline 202 or equivalent) and/or an
algal speciecs 72 or 96 howr EC50 {OECD Test Guidcling 201 or cguivalent). These species are
considered as surrogate for all aquatic organisms and data on other specics such as the duckweed
Lemna may also be considered if the test methodelogy is suitable. *

Chronic testing involves an exposure that is lingering or continues for a longer tine; the term can
signify periods from days to a year, or more depending on the reproductive cycle of the aquatic
organisn.  Chronic tesis can be done to assess certain cndpoints relating to growth, survival,
reproduction and development.

“Chronic toxicity data are less available than acute data and the range of testing procedures less
standardised. Data generated according to the OECD Test Guidelines 210 {Fish Early Lifc Stage), 202
Part 2 or 211 (Daphnia Reproduction) and 201 {Algal Growth Inhibition) can be accepted. Other
validated and internationally accepted tests could also be used. The NOECs or other equivalent L{E}Cx
should be used.”

37. 1t should be noted that several of the OECD guidelines cited as examples for classification are
being revised or are being planned for updating. Such revisions may lead to minor modifications of test
conditions, Thevefore, the expert group that developed the harmonized criteria for classification
intended seme flexibility in test duration or even species used.

38. Guidelines for conducting acceptable tests with fish, crustacea, and algae can be found in
many sources (QECD, 1999; EPA, 1996; ASTM, 1999; ISO EU). Tle OECD monograph No. 11,
Detailed Review Paper on Aquatic Toxicity Testing for Industrial Chemicals and Pesticides, is a good
compilation of pelagic test methods aad sources of testing guidance. This docurnent is also & source of
appropriate test methodologics.

3.21  Fish Tests
Acute testing

39. Acute tests are generally performed with young juveniles 0.1 - 3 g in size for a period of 96
hours. The observational endpoint in these tests is mortality. Fish larger than this range and/or
dnrations shorter than 96 hours are generally less sensitive. However, for classification, they could be
used if no acceptable data with the smaller fish for 96 hours are available or the resulis of these tests
with different size fish or test durations would influence a more hazardous classification band. Tests
consistent with OECD Test Guideline 203 (Fish 96 hour LC50) or equivalent should be used for
classification.
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Chronic testing

40, Chronic or long terni tests with fish can be initiated with fertilised eggs, embryos, juveniles,
or reproductively active adults. Tests consistent with OECD Test Guideline 210 {(Fish Early Life
Stage), the fish life-cycle test (US EPA 850.1500), or equivalent can be used in the classification
scheme. Durations can vary widely depending on the test purpose (anywhere from 7 days to over 200
days). Observational endpoints can include hatching success, growth (length and weight changes),
spawning success, and survival. Technically, the QECD 210 Guideline (Fish Early Life Stage) is not a
“clironic" test, but a sub-chronic test on sensitive life stages. 1t is widely accepted as a predictor of
chronic toxicity and is used as such for purposes of classification in the harmonized system. Fish early
life stage toxicity data are much more available than fish life cycle or reproduction studies.

322 Crustacea Tests
Acute testing

41. Acute tests witl crustacea generally begin with first instar juveniles. For daplwids, a test
duration of 48 hours is used. For other cristacea, such as mysids or others, a duration of 96 hours is
typical. The observational endpont is 1ortality or immobilisation as s sumogate to mortality.
Iminobilisation is defined as unresponsive to geutle prodding. Tests consistent with OECD Test
Guideline 202 Part 1 (Daphnia acute) or USA-EPA OPPTS 850.1035 (Mysid acute toxicity) or their
equivalents should be used for classification.

Chronic testing

42, Chronic tests with crustacea also generally begin with first instar juveniles and continue
through maturation and reproduction. For daphnids, 21 days is sufficient for maturation and the
production of 3 broods. For mysids, 28 days is necessary, Observational endpoints include time to first
brood, number of offspring produced per feniale, growth, and survival. It is recommended that tests
consistent with QECD Test Guideline 202 Part 2 {Daplmia reproduction) or US-EPA 850, 1350 (Mysid
chronic) or their equivalents be used in the classification schenie.

3.23  Algae/Plant Tests
Tests in algae

43, Algae are cultured and exposed to the test substance in a nutrient-enriched medium. Tests
consisient with OECD Test Guideline 201 {Algal growth inhibition) should be vsed. Standard test
methods employ a cell density in the inoculum in order to ensure exponential growth through the test,
usually 3 to 4 days dwration,

44. The algal test is a shori-tenm test and, although it provides both acnte and chronic endpoints,
ouly the acute EC50 is used for classification in the harmenized system. The preferred observational
endpoint in this study Is algal growth rate inhibition becanse it is not dependent on the test design,
whereas biomass depends both on growth rate of the test species as well as test duration and other
clements of test design. If the endpoint is reported only as reduction in biomass or is not specified, then
this value may be interpreted as an equivalent endpoint.
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Tests in aguatic macraphytes

45. The most cornmonly used vascular plants for aquatic toxicity tests are duckweeds (Lemna
gibba and Lemna minor). The Lemna test is a short-term fest and, although it provides both acute and
sub-chronic endpoints, only the acute EC50 is used for classification in the harmonized system. The
tests last for up to 14 days and are performed in nutrient enriched media similar to that used for algae,
but may be increased in strength. The observational endpoint is based on change in the number of
fronds produced. Tests consistent with OECD Test Guideline on Lemna (in preparation) and US-EPA
850.4400 (aquatic plant toxicity, Lemna) should be used,

33 AQUATIC TOXICITY CONCEPTS

46. Tlhis section addresscs the use of acute and chronic toxicity data in classification, and special
considerations for exposure regimes, algal toxicity testing, and use of QSARs. For a more detailed
discussion of aquatic toxicity concepts, one can refer to Rand (1996).

331 Acute toxicity

47. Acute toxicity for purposes of classification refers to the intrinsic property of a substance to
be injutious to an organism in a short-teny: exposure to that substance. Acutc toxicity is generally
expressed in tenms of a concentration which is lcthal te 50% of 1he test organisms (1L.C50), causes a
measitrable adverse effect to 50% of the test organisms (¢.g., immobilisation of daphnids), or leads to a
50% reducticn in test (treated) organisin responses from control (unticated) organisin responses (¢.2.,
growth rate in algae).

48, Substances with an acute toxicity determined te be less than one part per million (1 mg/) are
generally recognised as being very toxic. The handhing, use, or discharge into the environment of these
substances poses a high degree of hazard and they are classified in chronic and/or acute band 1.
Decimal bands are accepted for categorising acute toxicity above this band. Substances with an acute
toxicity measured from one to ten parts per million (1 ~ 10 mg/l) are classified in Category II for acute
toxicity, from ten to one hundred parts per million (10 ~ 100 mg/1) are classified in Category I[E for
acute toxicity, and those over one hundred parts per niillion are regarded as practically non-toxic.

332 Chronic texicity

49, Chronic toxicity, for purposes of declassification, refers to the potential or actual properties of
a substance to cause adverse effects to aquatic organisms during exposures which are determined in
rclation to the life-cycle of the organism. Such chronic cffects usually include a range of sublethal
endpoints and are generally expressed in terms of a No Observable Effect Concentration (NOEC), oran
equivalent ECx. Observable endpoints typically include sirvival, growth and/or reproduction. Chronic
toxicity exposure diraticns can vary widely depending on test endpoint ineasured and test species used.

50. Since chronic toxicity data are less comunon in certain sectors than acute data, for
classification schemes, the potential for chironic toxicity is ideniified by appropriate combinations of
acute toxicity, lack of degradability, and/or the potential or actual bicaccumulation. Where such data
exist and show long-term NOECs > | mg], this can be taken into account whent deciding whcther the
classification based on the acute data should be applied. In this context, the following general approach
should be used. In order te remnove a chronic classification, it must be demonstrated that the NOEC
used would be suitable in remioving the concern for all taxa which resulted in classification. This can
often be achieved by showing a long-term NOEC >1 mg/] for the most sensitive species identified by
the acute toxicity. Thus, if a classification has been applied based on a fish acute LC50, it would
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generally not be possible to remove this classification using a long-term NOEC from an invertebrate
toxicity test. 1n this case, the NOEC would normally need to be derived from a long-term fish test of
the same species or one of equivalent or greater sensitivity. Equally, if classification has resulted from
the acute toxicify to nwose than one taxa, it is likely that NOECs > 1 mg/] from each taxa will need to be
demonsirated. In case of classification of a substance as chronic Categery IV, it is sufficient to
demonstrate that NOECs are greater than the water solubility of the substances under consideration.

51, Testing with algae/iemna canaot be used for de-classifying chemicals because (1) the
algac and Lemna tests are not long-term studies, (2) the acute to chronie ratio is generally narrow
and (3) the endpoints are more consistent with the end points for other erganisms.

Heowever where classification is applied solely duc to the acute toxicity (L(E)Csq) obscrved in single
algae/aquatic plant tests, but there is cvidence from a range of other algae tests that the chronic
toxicity (NOECs) for this taxonomic greup is above lmg/l, this evidence could be used te consider
declassification. At present this appreach cannot be applicd to aguatic plants since no standardised
chronic toxicity tests have been developed.

52. The GHS is intended to contain a specifie value of chrenic toxicity below wliich substances
would be classified as chronically toxic, but the criteria are not vet sct.

333 Exposure regimes

53. Four types of exposure conditions arc cmployed in both acute and chronic tests and in both
freshwater and saltwater media; static, static-renewal (semi-static), recirculation, and flow-through. The
choice for which test type to use usnally depends on test substance characteristics, test duration, test
species, and regulatory reguirements.

334 Test media for algae

54. Algal tests are performed in nutrnient-enriched media and use of one common constituent,
EDTA, or other chelators, should be considered carefully. When testing the toxicity of organic
chemicals, trace amounts of a chelator like EDTA are needed to complex nicronutrients in the culture
medium, if omitted, algal growth can be significantly reduced and compromise test utility. However,
chelators can reduce the observed toxicity of metal test substances. Therefore, for metal compounds, it
is desirable that data from tests with high concentration of chelators and/or tests with
steichiowetrical excess of chelator relative te iron be critically evaluated, Free chelator may mask
heavy metal toxicity considerably, in particular with strong chelators like EDTA. However, in the
absence of available iron in the medium tbe growth of algac can become iron limited, and
consequently data frein tests with 1o or with reduced iron and EDTA shouid be treated with caution.

335 Use of QSARs

55, For puspose of classification, and in the absence of cxperimental data, QSARs can be relied
upon to provide predictions of acute toxicity for fish, daphnia, and algae for non-clectrolyte, non-
eleetrophilic, and otherwise non-reactive substances (See Chapter 6 or Usc of QSAR).  Problems
reraain for substances such as organophosphates which operate by means of special mechanisms such
as functional groups which interact with biological receptors, or which can forin sulfhydryl bonds with
cellular proteins. Reliable QSARs have been derived for chemicals acting by a basic narcosis
mechanism. These chemicals are nonelectrolytes of low reactivity suck as hvdrocarbons, aleohols,
ketones and certain aliphatic chlorinated hydrocarbons which prodnce their biological effects as a
function of their partition coefficients. Every organic chernical can produce narcosis. However, if the
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chemical is an electrolyte or contains specific functional groups leading to non-narcotic mechanisms as
well, any calculations of toxicity based oa partition coefficient alone would severely underestimate the
toxicity. QSARSs for acute aquatic toxicity of parent compounds cannot be used to predict the effects of
toxic metabolites or degradates, when these arise after a longer time peried than the duration of acute
tests,

34 WEIGHT OF EVIDENCE

56. The best quality data should be used as the fundamental basis for classification.
Classification should preferably be based on primary data sources. It is essential that test conditions be
clearly and completely articulated.

57. Where multiple studies for a taxonomic group arc available, a decision on what is the most
sensitive and highest quality must be made. A judgenient has to be made on a case by casc basis
wlether a non-GEP study with a more sensitive observation is used in licu of a GLP study. It would
appear that results that indicate high toxicity from tests performed according to nen-standard or non-
GLP guidelines should be able to be used for classification, wliereas studies, wlich denionstrate
negligible toxicity, would require more careful consideration. Substances, which are difficult to test,
may yicld apparent results that are more or less severe thail the true toxicity. Expert judgement would
also be needed for classification in these cases.

538. Where 1nore than one acceptable test is available for the same taxonomic group, the most
sensitive (the one with the lowest L{E)C50 or NOEC) is generally used for classification. However,
this must be dealt with on a case-by-case basis. When larger data sets (4 or more values) are available
for the same species, the geonietric mean of toxicity values may be used as the representative texicity
value for that species. In estimating a mean value, it is not advisable to combine tests of different
species within a taxa group or in different life stages or tested under different conditions or duration.

3.5 DIFFICULT TO TEST SUBSTANCES

59. Valid aquatic toxicity tests require the dissolution of the test substance in the water media
unider the test conditions recommended by the guideline. In addition, a bioavailable exposure
concentration should be maintained for the duration of the test. Some chemical substauces are difficult
to test in aquatic systems and guidance has been developed to assist in testing these materals (DoE
1996; ECETQC 1996; and US EPA 1996). OECD is in the process of finalising a2 Guidance Docunient
on Aquatic Toxicity testing of Difficult Substances and Mixtures {CECD, 2000). This latter document
is a good source of information on the types of substances that are difficult to test and the steps needed
to ensure valid cenclusiens frown tests with these materials.

64, Nevertheless, nnich test data exist that may have nsed testing methodologies which, while not
in conformity with what might be considered best practice today, can still yicld information suitable for
application of the classification criteria. Such data require special guidance on interpretation, although
ultimately, expert judgeinent nmusst be used in determining data validity. Such difficult to test substances
wmay be poorly soluble, volatile, or subject to rapid degradation duc to such precesses as
phototransformation, hydrolysis, oxidation, or biotic degradation. When testing algae, coloured
materials inay interfere with the test endpoint by attenuating the light needed for cell growth. In a
similar manncr, substances tested as cloudy dispersions above solubility may give rise to false toxicity
measarenients. Loading of the water column witll test material can be an issue for patticulates or solids
such as metals. Petrolcum distillate fractions can also pose leading problems, as well as difficult
interpretational problems whes deciding on the appropriate concentrations for determining L({E)Cso
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values, The draft Guidance Document on Aquatic Toxicity Testing of Difficult Substances and
Mixtures describes the niore common properties of many types of substances which are likely to pose
testing difficulties.

Stability: If test chemical concentrations are expected to fall below 80% of nominal, testing, in
order to be valid, may require exposure regimes which provide for renewal of die test material.
Semi-static or flow-through conditions are preferred, Special problems arise, therefore, with
respect to testing on algae, where the standard guidelines generally include static tests to be
conducted. While alternative exposire regimes are possible for crustacea and fish, flicse tests
are frequently conducted on static conditions as included in the internationally agreed
guidelines. In these tests, a certain level of degradation as well as other relevant factors has to
be tolerated and appropriate account must be taken in calculations of toxic concentrations.
Some approaches on how this can be dealt with are covered in para 64 and 65. Where
degradation occlurs, it is also important to consider the influence of the toxicity of the
degradation products on the recorded toxicity in tlic test. Expert judgement will nced to be
exercised when deciding if the data can be used for elassification.

Degradation: When a compound breaks down or degrades under test condition, expert
judgemeat should be used in calculating toxicity for classification, including consideration of
known or likely breakdown products. Concentrations of the parent niaterial and 2ll significant
toxic degradates arc desirable. If degradates are expected to be relatively non-toxic, reacwable
exposure regimes arc desirable in order to cnsure that levels of the parent compounds are
maintained.

Saturation: For single componcnt substances, classification should be based only on toxie
responses observed in the soluble range, and not on total chemical loading above solubility.
Frequently, data are available which indicate toxicity at levels in excess of water solubility and,
while these data will often be regarded as not valid, some interpretation may be possible.
These problenss generally apply when testing poorly soluble substances, and guidance on how
to interpret such data is included in para 06 and 67 (see also tlie Guidance Docunient on
Aguatic Toxicity testing of Difficult Substances and Mixtures).

Perwrbation of test media: Special provisions may be needed to ensure dissolution of difficult
to test substances. Such measures should 110t lead to significant changes in tle test media when
such cbanges are likely to lead to an increase or decrease in tlie apparent toxicity and hence the
classification level of the test substance,

Complex substanecs: Many substances covercd by the classification scheme are in fact
mixtures, for which measurenent of exposure concentrations is difficult, and in some eases
impossible.  Substances such as petroleum distillate fractions, polymers, substances with
significant levels of impurities, ctc can pose special problemns since the toxic concentration
is difficult to define and impossible to verify. Typical testing procedures often rely on the
formation of a Water Soluble Fraction (WSF) or Water Accomimodated Fraction (WAF) and
data are reported in terms of loading rates, These data may be used in applying the
classification criteria.

6l. For classification of organic compounds, it is desirable to have stabilised and analytically
measured test concentrations. Although nieasured concentrations are prefemed, classification may be
based on nominal concentration studies whien these are the only valid data available under certain
circumstances.  If the material is likely to substantially degrade or otherwise be lost from the water
column, care must be taken in data interpretation and classification should be done taking the loss of the

145

284



ENV/IM/MONO(2061)6

toxicant during the test inte account, if relevant and possible. Additionally, metals present tieir own set
of difficulties and are discussed separately, Table I lists several properties of difficult to test substances
and their relevance for classification.

62, In most difficult to test conditions, tlie actval test concentration is likely to be less than the
nominal or expected test concentration. Where toxicities (L(E)Cs,s) are estimated to be less than 1mg/]
for a difficult to test substance, oue can be fairly confident the classification in the Acute Category 1
{(anid Chronic 1 if appropriate) is warranted. However, if the estimated toxicity is greater than | mg/l,
the estimated toxicity is likely to under-represent the toxieity. In these circumstances, expert judgement
is needed to determine the acceptability of a test with a difficult to fest substance for use in
classification. Where the nature of the testing difficulty is believed to have a significant influence on
the actnal test concentration when foxicity is estimated te be greater than 1 mg/l and the test
concentration is not measured, then the test should be used with due caution in classification.

63, Tlie following paragraphs provide some detailed guidance on some of these interpretational
problems. In doing se it should be remembered that this is guidanee and hard and fast rules cannot be
applied. The nature of many of the difficulties mean that expert judgement must always be applied both
in detennining whether there is sufficient information i a test for a judgement to be made on its
validity, and also whetlier a toxicity level can be determined snitable for use in applying the
classification criteria.

Unstable substances

64. While testing procedures should ideally have been adopted whicli minimised the impacts of
instability in the test media, in practice, in certain tests, it can be almost impossible to maintain a
conceniration throughout the test. Commeon causes of such instability are oxidation, hydrolysis,
photodegradation and biodegradation. While the latter forms of degradation can more readily be
controlled, such controls are frequently absent in ruch existing testing. Nevertheless, for some testing,
particularly acute and chrenic fish toxicity testing, a choice of exposire regimes is available to help
minimise losses due to instability, and this should be taken into account in deciding on the test data
validity.

65. Where instability is a factor in detenmining the level of exposure during the test, an essential
prerequisite for data interpretation is the existence of measured exposure concertrations at suitable time
points throughout the test. In the absence of analytically measured concentrations at least at the start
and end of test, no valid interpretation can be made and the test should be considered as invalid for
classification puposes. Where nicasured data are available, a2 number of practical rules can be
considered by way of guidance i interpretation:

- where measured data are available for the start and end of test (as is normal for the acute
Daphnia and algal tests), the E(E}Csg, for classification purposes, may be calculated based
on the gecometric mean of the start and end of test concentrations, Where the end of test
coneentrations are below the analytical detection linnt, such concentrations shall be
considered to be half that detection Limit,

- where measured data are available at the start and end of media renewal periods {as may
be available for the semi-statie tests), the geometric mean for each renewal period should
be calculated, and the mean exposure over the whole exposure period calculated from
these data.

- where the toxicity can be atfributed to 2 degradation breakdown product, and the
concentrations of this are kiown, the L(E)Cs for classification purposes, may be
calculated based on the gecometrie mean of the degradation product concentration, back
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calcul ated to the parent substance,
- similar principles may be applied to ineasuted data in chronic toxicity testing.

Poorly seluble substances

66. These substances, usually taken to be fhosc with a solubility in water of <l mg/l, are
frequently difficult to dissolve in the test media, and the dissclved concentrations will often prove
difficult to measare at the low concentrations anficipated. For many substances, the true solubility in
the test media will be unknown, and will ofticn be recorded as < detection limit in purified water.
Nevertheless such substances can show toxieity, and wlhere no toxicity is found, judgement nwst be
applicd to whether tlie result can be considered valid for classification. Judgement should err on the
side of caution and should not underestimate the hazard.

67. Ideally, tests using appropriate dissolution techniques and with accurately measured
concentrations within e range of water solubility should be used. Where such test data are available,
they should be used in preference to other data. It is normal, however, particularly when considering
older data, to find such substances with toxicity levels recorded in excess of the water solubility, or
where the dissolved levels are below the detection limit of the analytical method. Thus, in both
circumstances, it is not possible te verify the actual exposure concentrations using measured data.
Where these ate the only data available on which to classify, some practical rules can be considered by
way of general guidance:

- where the acute toxicity is recorded at levels in excess of the water solubility, the L{E)Cso
for classification purposes, may be considered to be equal to or below the measured water
solubility. In such circumstances it is likely that Chronic I and/or Acute I categories
should be applied. In making this decision, due attention should be paid to the possibility
that the excess undissolved substance fmay have given rise to physical effects on the test
organisms. Where this is considered the likely cause of the effeets observed, the test
should be considered as invalid for classification purposes.

- where 1o acute toxicity is recorded at levels in excess of tlie water solubility, the L{E)YCs
for classification purposes nizy be considered to be greater than the measired water
solubility. In such circurnstances, considcration should be given to whether the Chronic
IV category should apply. In meking a decision that the substance shiows no acute
toxicity, due account should be taken of the teclinigues used fo achieve the maximum
dissolved concentrations. Where these are not considered as adequate, the test should be
considered as invalid for classification purposes.

- where the water solubility is below the detection limit of the analyfical method for a
substanice, and acute toxicity is recorded, the E{E)Cs, for classification purposes, may be
considered to be less than the analytical detection limit. Where no toxicity is observed,
the L{E)Cs, for classification purposes, may be considered to be greater than the water
solubility. Due consideration should alse be given to the quality criteria mentioned
above,

- where chronic toxicity data are available, the same geperal rules shouid apply. In
principle, only data showing no effects at the water solubility limit, or greater than 1 mg/l
need be considered. Again, where these data cannot be validated by consideration of
measured concentrations, the techniques used to achieve the maximum dissolved
concentrations must be considered as appropriate.
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Other factors contributing fo concentration lpss

68. A numiber of other factors can also contribute to losses of concentration and, while some
can be avoided by correct study design, interpretation of data where these factors have contributed
way, from time to tiie, be necessary.

- sedimentation: this can occur during a test for a number of reasoms. A common
explanation is that the substance lias not truly dissolved despite the apparent absence of
particulates, and agglomeration occurs during the test leading to precipitation. In these
circumstances, the L(E)Cs, for classification purposes, may be considered to be based on
the end of test concentrations. Equally, precipitation can occur througli reaction with the
media. This is considered under instability above.

- adsorption; this can occur for substances of high adsorption cliaracteristics such as high
log K, substances. Where this occurs, the loss of concentration is usually rapid and
exposure may best be characterised by the end of test concentrations.

- bioaccuinulation: losses may occur through the bioaccumuiation of a substance into the
test organisiis. This may be particularly important where the water solubility is low and
log K, correspondingly higl. The L(E)Cs, for classification purposes, may be calculated
based on the geometric mean of the start and end of test concentrations,

Perturbation of the test media

69, Strong acids aud bases may appear toxic because they may alter pH. Generally however
changes of the pH in aquatic systcms are normally prevented by buffer systems in the test niedium.
If no data are available on a salt, the salt should generally be classified in the sanic way as the anion
or cation, i.e., as the ion that receives the most stringent classification. Tf the effect concentration is
related to only one of the ions, the classification of the sait should take the molecular weight
difference into consideration by correcting the effect eoncentration by multiplying with the ratio:
MW /M Wi,

70. Polymers are typically not available in aquatic systems. Dispersible polymers and other high
molecular mass materiais can perturb the test system and interfere with uptake of oxygen, and give rise
to mechanical or secondary effects. These factors need to be taken into account when considering data
from these substances. Many polymers behave like complex substances, however, having a significant
low molecular mass fraction whicly ¢an leach from the bulk polymer. This is considered further below.

Complex snbstatices

71. Complex substances ar¢ characterised by a range of chemical structurcs, frequently in a
homologous series, but covering a wide range of water solubilities and other physico-chemical
characteristics. On addition to water, an equilibrinm will be reached between the dissolved and
undissolved fractions which will be characteristic of the loading of the substance, For this reason,
such complex substances are usually tested as a WSF or WAF, and thie L(E)Cso recorded based ou
the loading or nomiual concentrations. Analytical support data are not normally available since the
dissolved fraction will itself be a complex mixtures of components, The toxicity parameter is
sometimes referred to as LLsp, related to the lethal loading level. This loading level firom the WSF
or WAF may be used directly in the classification criteria.

148

287



ENV/AM/MONOQ001)6

72. Polymers represent a special kind of complex substance, requiring consideration of the
polymer type and their dissolution/dispersal behaviour. Polymers may dissolve as such without
change, (true solubility refated to particie size), be dispersible, or portions consisting of fow
molecular weight fractions may go into solution, In the latter case, in effect, the testing of a
polymer is a test of the ability of low molecutar mass material to leach from the bulk polymer, and
whether this leachate is toxic. It can thus be considered in the same way as a complex mixture in
that a loading of polymer can best characterise the resultant leachate, and hence tlie toxicity can be
refated to this loading,
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Table 1, Ciassification of difficuit test substances

Property

Nature of difficulty

Relevance for Classification

Poorly water soluble

Achicving/maintzining required
exposure concentration. Analysing
eXposure.

Wlien toxic responsces arc observed above
apparent solubility, expert judgement is required
to confimn whether effects are due to chemical
toxicity or a physical cffcet; if no cffects arc
observed, itshould be demonstrated that full,
safurated dissolution has been achicved,

Toxic at low

Aclicving/maintaining regnired

Classified based on toxicity

concentrations cxposure concentration., <1 mgfl
Analysing cxposure.

Volatile Maintaining aud messuring exposure | Classification should be based on reliable
concentration, measurgment of concentrations.

Photo-degradable Maintaining exposure Clagsification requires expert judgement and
councentrations. sliould be based on measured conceutrations,
Toxicity of breakdown products. Toxicity of significant breakdown products

should be claracterised.

Hydrolytically unstable | Maintaining cxposure Classification requires expert judgement, should
concentrations, be based on measurcd concentrations, and nceds
Toxicity of breakdown products. to address the toxicity of significant breakdown
Comparison of degradation haif-lives | products.
to the cxposure regimen used in
testing,

Oxidizable Achieving, maintaining and Classification requires expen judgement, should

measuring exposure concentration.
Toxicity of mudified cheniical
structives or breakdown products.
Compartison of degradavion half-lives
to the exposure regimen uscd in
testing,

be based on measured concentrations, and needs
to address the toxicity of significant breakdown
products.

Subjcct (o corrosion/
transformation

{this refers to metals
/metal componnds}

Achicving, mmaintaining and
Incasuring cxposure concentration.
Comparison of partitioning from the
water colummn half-lives to the
exposute regimen used in testing.

Classification requires expert judgement, should
be based on incasured concentrations, and nceds
to address the toxicity of significant breakdown
prochicts.

Biodegradable Maintaining exposure Classification requires cxpert judgement, should
concentrations. Toxicity of be based ol measured concentrations, and needs
breakdown products. Comparison of | to addresg the toxicity of significant breakdown
degradation half-lives to the products.
cxposure regimen uscd in testing.

Adsorbing Maintaining exposure Classification shoulld use measured
concentrations. conceniration of zvailable inaterial,

Analysing exposure, Toxicity
mitigation duc to reduced availability
of test substance.

Chelating Distinguishing chelated and uon- Classification showld 1se measwement of
chelated fractions in media. coticentration of bioavailable maierial

Coloured Light atteuuation {an algal problem). | Classification must distinguish toxic effects

from reduced growth duc to light attenuation.
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Table 1. Classification of difficult test substances (continued)

Hydrophobic Maintaining constant exposure Classification should nse measured
concentrations. concentration

Tonised Maintaining exposure Classification requires expert judgement, should
concentrations. Toxicity of be based on measured concentralions, and needs
breakdown products, Comparison of | tw address the toxicity of significant breakdown
degradation half-lives to the products,
cxposure regime used in testing,

Mukti-component Preparing representative test batchies, | Considered same as complex mixture.

substanccs and

plCparations

3.6 INTERPRETING DATA QUALITY
3.0.1 Standardisatien

73. Many factors can influence the resulis of toxicity tests with aquatic organisms. These factors
include characteristics of the test water, experimental design, chemical characteristics of the test
materizl, and biological characteristics of the test organisms. Therefore, it i1s ilnportant in conducting
aquatic texicity tests to use standardised test procedures to reduce the influence of these sources of
extrancous varizbility. Tle goal of fest standardisation and international harmonisation of these
standards is to redice test variability and improve precision, repreductbility, and consistency of test
resilts,

3.6.2 Datz hierarchies

74. Classification should be based on primary data of good quality. Preference is given to dafa
conforming to OECD Test Guidelines or equivalent and Good Laboratory Practices (GLF). While data
from intemationally harmonised test methods performed on standard test species are preferred, results
of tests performed using widely recognised international or national methods or their equivalent may
also be used, e.g., ISO or ASTM methods. Data from tests that appear to conform to accepted
guidelines but whicl lacks provisions for GLP can be used in the absence of pertinent GLP data.

75. Pedersen et al (1993) provides a data quality-scoring system, which is compatible with many
otlters in current use, including that, used by the US-EPA. for its AQUIRE database. See also Mensink
et al (1995) for discussions of data quality. The data quality scoting system described in Pedersen er al.
includes a reliability ranking scheme, which can be a model for use with in classifying under the
harmonised schenie. The first three levels of data described by Pedersen are for preferred data.

76. Data for classification under the harmonised scheme should come from primary sources.
However, since many nations and regulatory authorities will perform classification using the globally
harmonised scheme, classification should allow for use of reviews from national authorities and expert
panels as long as the reviews are based on primary sources. Such reviews should include summaries of
test conditions, whiclt are sufficiently detailed for weight of evidence and classification decisions to be
made. It may be possible to use the reviews, which were made by a well-recognised group such as
GESAMP for whick the primary data are accessible.

77. In the absence of empirical test data, validated Quantitative Structure Activity Relationships

(QSARs) for aquatic toxicity may be used. Test data always take precedence over QSAR predictions,
providing the test data are valid,
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ANNEX 3.1
TEST GUIDELINES

78. Most of the guidelines mentioned are found in compilations from the organisatien
issuing them. The main references to these are:

» EC guidelines: European Conunission (1996). Classification, Packaging and Labelling
of Dangerous Substances in the Earopean Union. Part 2 — Testing Methods. European
Commission. 1997, ISBN92-828-0076-8. (Homepage: http://ech eijre.it/testing-
methods/);

» 18O guidelines: Available from the nationa! standardisation organisations or ISO
(Homepage: http://www.iso.ch/);

»  OECD guidelines for the testing of chemicals. OECD, Paris, 1993 with regular
updates (Homepage: hitp//www.oecd.org/ehs/test/testlist htm);

o  OPPTS guidelings: US-EPA homepage:
http:/iwww.epa,gov/opptsfisthome/guidelin. htm:

= ASTM : ASTM's homepage: hitp://www.astin.ore. Fusther scarch via "standards™.

OECD Test Guideline 201 (1984) Alga, Growth Inkibition Test

OECD Test Guideline 202 (1984) Daphnia sp. Acute lmmobilisation Test and Reproduction Test
OECD Test Guideline 203 (1992} Fish, Acute Toxicity Test

OECD Test Guideline 204 (1984} Fish, Prolonged Toxicity Test: 14-Day Stady

OECD Test Guideline 2190 (1992) Fish, Early-Life Stage Toxicity Test

QECD Test Guideline 211 (1998) Daphaia magna Reproduction Test

OECD Test Guideline 212 (1998) Fish, Short-term Toxicity Test on Embryo and Sac-Fry Stages
OECD Test Guideline 215 (2000) Fish, Juvenile Growth Test

OECP Test Guideline 221 (in preparation} Lemna sp. Growth inhibition test

EC C.1: Acute Toxicity for Fish (1992)

EC C.2: Acute Toxicity for Daplinia (1992)

EC C.3: Algal Inhibition Test (1992)

EC C.14; Fish Juvenile Growth Test {2001)

EC C.15: Fish, Short-term Toxicity Test on Embryo and Sac-Fry Stages (2001)
EC C.20: Daphknia Magna Reproduction Test (2001}

OPPTS Testing Guidelines for Environmental Effects (850 Series Public Drafts)

850.1000 Special consideration for conducting aguatic laboratory studies (Adobe PDF)
850.1000 Special consideration for conducting aguatic laboratory studies (Text to HTML)
£50.1010 Aquatic invertebrate acute toxicity, test, freshwater daphnids (Adobe PDF)
850.1010 Aguatic invertebrate acute toxicity, test, freshwater daphnids (Text 1o HTML)
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850.1020 Gammarid acute toxicity test {Adobe PDF)

850. 1020 Gammarid acute toxicity test {Text to HTML)

850.1035 Mysid acute toxicity test {Adobe PDF)

850.1035 Mysid acute toxieity test (Text to HTML)

850.1045 Penacid acute texicity test (Adobe PDF)

830.1045 Penaeid acute toxicity test (Text to HTML)

850.1075 Fisk acute toxicity test, freshwater and marine {(Adobe PDF)
830.1075 Fish acute toxicity test, freshwater and marine (Fext te HTML)
850.1300 Daphnid chronic toxicity test (Adobe PDE)

850.1300 Daphnid chrenic toxicity test (Fext to HTML)

850.1350 Mysid chronic toxicity test (Adobe PDF)

850.1350 Mysid chronic toxicity test {Text to HTML)

850.1400 Fish early-life stage toxicity test {Adobe PDF)

850.1400 Fish early-life stage toxicity test (Text to HTML)

850.1500 Fish life cycle toxicity (Adobe PDF)

850.1500 Fish life cyele toxicity {Text to HTML)

850.1730 Fish BCF {Adcbe PDF)

850.1730 Fish BCF {Text to HTML)

850.4400 Aquatic plant toxicity test using Lemna spp. Tiers 1 and [l {Adobe PDF)
850.4400 Aquatic plant toxicity test using Lenma spp. Tiers [ and 1 {Text to HTML)
850.4450 Aquatic plants field study, Tier LE (Adobe PDF)

850.4450 Aquatic plants field study, Tier I1] (Text to HTML)

850.5400 Algal toxicity, Tiers 1 and 1T (Adcbe PD¥)

850.5400 Algal toxicity, Tiers L and II (Text to HTML)

Nete 1) This list of public drafts of environmental effects testing guidelines was taken from the
homepage ) of the U.S. Environmental Protection Agency on 19 September 2000
httpy/iwww.epa.gov/OPPTS Hannonized/850 Ecological Effects Test Guidelines/Drafts
The list was last revised on 10 February 1997 by an automated conversion program. Further
revisions may cccur as the draft guidelines are updated.
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4. DEGRADATION

4.1 INTRODUCTION

79. Degradability is onc of the important intrinsic propertics of cheniical substances that
determine their potential environmental hazard. Non-degradable substances will persist in the
cnvironment and may consequently have a potential for causing long-tenmn adverse effects on biota.
In contrast, degradable substanccs may be removed in the scwers, in sewage trcatment plants or in
the environment,

80. Classification of cliemical substances is primarily based on their intrinsic properties.
Howcver, the degree of degradation depends not only on the intrinsic recaleitrance of the molecule,
but alse on the actual conditions in the receiving environmental compartment as e.g., redox
potential, pH, presence of suitable micro-organisms, concentration of the substances and occurrence
and concentration of other substrates. The interpretation of the degradation properties in an aquatic
hazard classification context therefore requires detailed criteria that balance the intrinsic properties
of the substance and the prevailing environmental conditions into a concluding statement on the
potential for long-term adverse effects. The purpose of the present chapter is to present guidance for
interpretation of data on degradability of organic substances. The guidaice is based on an analysis
of the above mentioued aspects regarding degradation in the aquatic environment. Based on the
guidance a detailed decision scheme for use of existing degradation data for classification purposes
is proposed. The types of degradation data included in this Guidance Document are ready
biodcgradability data, simulation data for transformation in water, aquatic sediment and soil,
BODy/COD-data and techniques for estimation of rapid degradability i1 the aquatic environment.
Also cousidered are anacrobic degradability, inhcrent biodegradability, sewage treatment plant
simulation test data, abiotic ransformation data such as hydrelysis and pliotolysis, removal process
such as volatilisation aud finally, data ebtained from ficld investigations and monitoring studies.

8L The term degradation is defined in Glossary in this Guidance Decument as the
decompositior of organic molecnles to smaller molecules and eventuially to carbon dioxide, water
and salts. For inorganic compounds and metals, the concept of degradability as applied to organic
compounds has limited or no meaning. Rather the substance may be transformed by normal
environmental processes to either increase or decrease the bioavailability of the toxic species.
Therefore, the present chapter deals only with orgapnic substances and organo-metals.
Environmental partitioning from the water column is discussed in Chapter 7.

82. Data on degradation properties of a substance inay be available from standardised tests or
from other types of investigations, or they may be estimated from the structure of tlie molecules.
The interpretation of such degradation data for classification purposes often requires detailed
evaluation of the test data. Guidance is given in the present chapter and more details can be found
in two annexes describing available nethods (Annex 3) and factors influencing degradation in
aquatic environments {(Annex 4).
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4.2 INTERPRETATION OF DEGRADABILITY DATA
42.1  Rapid degradability

83. Aquatic hazard classification of chemical substances is normally based o existing data on
their environmental properties. Only seldom will test data be produced with the main purpose of
facilitating a classification. Often a diverse range of test data is available that does not necessarily
fits directly with the classification criteria. Consequently, guidance is needed on interpretation of
existing test data in the context of the aquatic hazard classification. Based on the harmonised
criteria, guidance for interpretation of degradation data is prepared below for the three fypes of data
comprised by the expression “rapid degradation™ in the aquatic environment {(see para 8, 9, 20,21 &
22 and the definition in Annex 1 of the “Harmonised system for the classification of chemicals
which are hazardons for the aquatic envirenment” (OECD, 1998), which is attached to this
Guidance Document as Appendix.

4.2.2  Ready biedegradability

84. Ready biodegradability is defined in the OECD Test Guidelines No. 301 {(OECD 1942},
All organic substances that degrade to a level higher than the pass level in a standard OECD ready
biodegradability test or in a similar test should be censidered readily biodegradable and
consequently alse rapidly degradable. Many literature test data, however, do not specify ail of the
conditions that should be evaluated to demonstrate whether or not the test fuifils the requirements of
a rcady biodcgradability test. Expert judgement is thercfore needed as regards the validity of the
data before use for classification purposes. Before conchuding on the ready biodegradability of a
test substance, however, at least the following parameters shouid be considered.

Concentration of test substance

85. Relatively high concentrations of test substance are used in the OECD ready
biodegradability tests (2-100 mg/L), Many substances may, however, be toxic to the inocula at such
high concentrations causing a low degradation in the tests although the substances might be rapidly
degradable at fower non-toxic coucentrations. A toxicity test with micro-organisms (as e.g., the
OECD Test Guideline 209 “Activated Sludge, Respiration Inhibition Test”, the 1SO 9509
nitrification inhibition test, or the 18O 11348 luminescent bacteria inhjbition test) may demonstrate
the toxicity of ihe test substance. When it is likely that inhibijtion is the recason for a substance being
not readily degradable, results from a test employing lower non-toxic concentrations of the test
substance should be uscd when available. Such test results could on a casc by case basis be
considercd in relation to the classification criteria for rapid degradation, even though surface water
degradation test data with environmentally realistic micrebial biomass and non toxic realistic low
concentration of the test substance in general are preferred, if available.

Time window

86, The barmonised criteria inciude a general requirement for all of the ready biodegradabitity
tests on achievement of the pass level within 10 days. This is not in {me with the OECD Test
Guideline 301 in whicl the 10-days time window applies to the OECD ready biodegradability tests
except to the MITI I test (OECD Test Guideline 301C). In the Closed Bottle test {OECD Test
Guideline 301D}, a 14-days window may be used instead when measurements have not been made
after 10 days. Morcover, often only limited information is available in references of biedegradation
tests. Thus, as a pragmatic approach ilie percentage of degradation reached after 28 days may be
used directly for assessment of ready biodegradability when no information on the 10-days titme
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window is available. This should, however, only be accepted for existing test data and data from
tests where the 10-days window does not apply.

423 BODJ/COD

87, Information on the 5-day biochenical oxygen demand {BODs) will be used for
classificatio:n purposes only when no other ineasured degradability data arc available. Thus, priority
is given to data from ready biodegradability tests and from simulation studies regarding
degradability in the aquatic environment. The BODs test is a traditional biodegradation test that is
ow replaced by the ready biodegradability tests. Therefore, this test should not be performed today
for assessment of the ready biodegradability of substances. Older test data may, however, be nsed
when no other degradability data are available. For substances where the chemical structure is
known, the theoretical oxygen demand {ThOD) can be calculated and this value should be used
instead of the chemical oxygen demand {COD).

4.2.4  Other convinclng scientific evidence

8. Rapid degradation in the aquatic cnvironment may be demonstrated by other dma than
referred to in criteria a) and b) in Annex I of the harmonised criteria {OECD 1968). These may be
data on biotic and/or abiotic degradation. Data on primary degradation can only be used where it is
dewonstrated that the degradation products shall not be classified as hazardous to the aquatic
chvironicnt, i.e., that they do not fulfil the classification criteria.

RS The fulfilment of criterion ¢) requives that the substance is degraded in the aquatic
environment to a level of >70% within a 28-day period. If first-order kinetics are assumed, which is
reasonable at the low substance concentrations prevailing in nost aquatic environments, the
degradation rate will be relatively constant for the 28-day period. Thus, the degradation requirement
will be fulfilled with an average degradation rate constant, k > -(In 0.3 - In 1)/28 = 0.043 day™. This
corresponds to a degradation half-life, t; < 1n2/0,043 = 16 days.

20. Moreover, as degradation processes are temperature dependent, this parameter should also
be taken into account when assessing degradation in the eavironment. Data from studies employing
environmentally realistic temperatures should be used for the evaluation. Wlen data from studies
performed at different temperatures need to be compared, the traditional Q10 approach could be
used, i.¢., that the degradation rate is halved when the temperature decreases by 10°C,

9l The cvalnation of data on fulfilinent of this eriferion should be conducted on a case by
case basis by expert judgement. However, guidance on the interpretation of various types of data
that may bc used for demonstrating a rapid degradation in the aquatic environment is given below.
In general, only data from aquatic biodegradation simulation tests arc considered directly applicable.
However simulation test data from other envirenmental compartments could be considered as well,
but such data require in gencral more scientific judgement before use.

Aquatic simulation tests
92. Aquatic simulation tests are tests conducted in laboratory, but simulating environmental
conditions and employing natural samples as inoculum. Results of aquatic simulation tests may be

used directly for classification purposes, when realistic environmental conditions in surface waters
are simulated, i.e.,:
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s substance concentration that is realistic for the geseral aquatic environment (often in
the low pg/l. range);

¢ inoculum from a relevant aquatic environment,

« realistic concentration of inoculum (10°-10° ceils/mL);

» realistic temperature (e.g., 3°Cto 25°C); and

s ultimate degradation is determined (i.c., determination of the wineralisation rate or the
individual degradation rates of the total biodegradation pathway).

93, Substances tlat under these conditions are degraded at least 70% within 28 days, i.e., with
a half-life < 16 days are considered rapidly degradable.

Field investigations

94, Parallels to laboratory simulation tests are ficld investigations or mesocosm experiments,
In such studies, fate and/or effects of chemicals in environments or environmental enclosures may
be investigated.  Fate data from such experiments might be used for assessing the potential for a
rapid degradation. This 1may, however, often be difficult, as it requires that an ultimate degradation
can be demonstrated. This may be docnmented by preparing mass balanees showing that no non-
degradable intermediates are formed, and which take the fractions into account that are removed
from the aqueous systetit duc to other processes such as sorption to sediment or volatilisation from
the aquatic environment.

Monitoring data

95. Monitoring data may demonstrate the removal of contaminants from the aquatic
cnvirgnient.  Such data are, however, very difficult to use for classification purposes. The
following aspects should be considered before nse:

s Is the removal a result of degradation, or is it a result of other processes such as
dilution or distribution between compartments (sorption, volatilisation)?
¢ Is formation of non-degradable intermiediates excluded?

Only when it can be demonstrated that removal as a resalt of ultimate degradation fulfils the criteria
for rapid degradability, such data be coasidered for usc for classification purposes. In general,
monitoring data should only be used as supporting evidence for demonstration of either persistence
in the aguatic environment or a rapid degradation.

Inherent biodegradability tests

96. Substances that arc degraded more than 70% in tests for inherent biedegradability (OECD
Test Guidelines 302) have the potential for ultimate biodegradation, However, because of the
optinium conditions in these tests, the rapid biodegradability of inherently biodegradable substances
in the eavironment canuot be assumed. The optimum conditions in inkerent biodegradability tests
stimulate adaptation of the miicro-organisms thus increasing the biedegradation potential, compared
to natural eavironments. Therefore, positive results in general should not be interpreted as evidence
for rapid degradation in the eavirosment (sec Note 1).

Noie !: In relalion 1o interpretation of degradation data equivalent with the harmonised OECD crileria for
ctironic Calegory !V, the standing EU working group for envirommenlal hazard classification of
subslances is discussing whether eeriain types of data from inlierent biodegradability 1ests may be
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used in a case by case evalualion as a basis for nol classifying subslances otherwisc fulfilling this
classificalion eriterion:

The inherenl biodegradability lests concemed are he Zahn Wellens lesl (OECD TG 302 B) antl the MITI
11 1est (QECD TG 302 C). The condiiions for use in this regard are:

a) The nterthods must not employ pre-exposed (pre-adapted) miere-organisms.
k) The tire for adaplation within cach 1es1 should be limiled, the 1est endpoinl should refer 1o
1he mineralisation only and 1he pass level and time for reaching these sliould be, respectively:

o MITI 1 pass level > 6O % within 14 days
*  Zabn Wcllens Test > 70 % within 7 days.

Sewage treatment plant simulation tests

87. Results from tests simulating the conditions in a sewage treatment plant (STF) {e.g., the
QECD Test Guideling 303) cannot be used for assessing the degradation in the aquatic environment.
The main reasons for this arc that the microbial biomass ina STP is significantly different from the
biomass in the environment, that there is a considerably different composition of substrates, and that
the presence of rapidly mineralised organic matter in waste walcr facilitates degradation of the lest
substance by co-metabolism,

Soil and sediment degradation data

98. 1t has been argued that for many non-sorptive (non-lipoplilic) substances more or less the
same degradation rates are found in soil and in surface water. For lipophilic substances, a lower
degradation rate may generally be expected in soil than in water due to partial immobilisation
caused by sorption. Thus, when a substance has been shiown to be degraded rapidly in a soil
simulation study, it is most likely also rapidly degradable in the aguatic environment. It is therefore
proposed that an experimentally determined rapid degradation in soil is sufficient documentation for
a rapid degradation in surface waters when:

no pre-exposure {pre-adaptation) of the soil micro-organisms has taken place, and

¢ anenvironmentally realistic concentration of substance is tested, and
thie subslance is ultimately degraded within 28 days with a half-life <16 days
corresponding to a degradation rate >0.043 day™ .

99, The same argumentation is considered valid for data on degradation in sediment under
aerobic couditions.

Anaerobic degradation data

100. Data regarding anaerobic degradation cannot be used in relation Lo deciding whether a
subslance should be regarded as rapidly degradable, because the aquatic environment is generally
regarded as the aerobic compartinent where the aquatic organisms, such as those employed for
aquatic hazard classification, live.

Hydreolysis

101. Dala on hydrolysis (e.g., QECD Test Guideline 111} might be considered for classification
pitrposes only when the longesl half-life ti, delermined within the pH range 4.9 is shorter than 16
days. However, hydrolysis is not an ultimate degradation and various intermediate degradation
products may be formed, some of which may be only slowly degradable. Only when it can be
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satisfactorily demonstrated that the hydrolysis products formed do not fulfil the criteria for
classification as hazardous for the aquatic environment, data from hydrolysis studies could be
considered.

102, When a substance is quickly hydrolysed {e.g., with t; < a few days), this process is a part
of the degradation determined in biedegradation tests. Hydrolysis niay be the initial transformatien
process in biodegradation.

Photochemicai degradation

103, Information on photoclieniical degradation (e.g., OECD, 1997) is difficult to use for
classification purposes. The actual degree of photochemical degradation in the aquatic environment
depends on local conditions {(e.g., water deptl, suspended solids, turbidity) and the hazard of the
degradation products is usually not known. Probably only seldom will enough iuformatien be
available for a thorough evaluation based on phetochemical degradation,

Estimation of degradation

104. Certain QSARs have been developed for prediction of an approximate hydrolysis half-life,
which should only be considered when no experimental data are available. However, a hydrelysis
half-life can only be used in relation to classification with great care, because hydrolysis does not
concern ultimate degradability {see "Hydrolysis” of this Sectien), Furtherinore the QSARs
developed until now have a rather limited applicability and are only able te predict the potential for
hydrolysis on a limited number of c¢hemical categeries, The QSAR program HYDROWIN
{version 1,67, Syracuse Research Corporation) is for exampie only able to predict the potential for
hydrolysis on less than 1/5™ of tlie existing EU substances which have a defined (precise) molecular
structure (Niemels, 2000).

105, In general, no quantitative estimation method {QSAR) for estimating the degree of
biodegradability of organic substances is yet sufficiently accurate to predict rapid degradation.
Hewever, results from such methods may be used to predict that a substance is not rapidly
degradable. For example, when in the Biodegradation Probability Program (e.g., BIOWIN version
3.67, Syracuse Research Corperation) the probability is < 0.5 estimated by the linear er non-linear
niethods, the substances should be regarded as not rapidly degradable (OECD, 1994; Pedersen ef af.,
1995 & Langenberg et al, 1996). Alse other (Q)SAR nicthods may be used as well as expert
judgement, for example, when degradation data for structurally analogue compounds are available,
but such judgement should be conducted with great care. In gencral, 2 QSAR prediction that a
substance is not rapidly degradable is considered a better documentation for a classification than
application of a default classification, when no useful degradation data are available.

Volatilisation

106, Chemicals may be removed from some aguatic environments by volatilisation. The
intrinsic potential for volatilisation is determined by the Henry’s Law constant (H) of the substance,
Volatilisation from the aquatic environment is highly dependent on thie environmental conditions of
the specific water body in question, such as the water depth, the gas exchauge coefficients
(depending on wind speed and water flow) and stratification of the water bedy. Because
volatilisation only represents removal of a chemical from water phase, the Henry's Law constant ¢an
not be used for assessmennt of degradation in relation to aquatic hazard classification of substances.
Substances that are gases at ambient temperature may however for example be considered further in
this regard (see also Pedersen et a4/, 1995).
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4.2.5 No degradation data available

147, ‘When no vseful data on degradability are available - either experimentally determined or
estimated data - the subsiance should be regarded as not rapidly degradable.

4.3 GENERAL INTERPRETATION PROBLEMS
4.3.1 Complex substances
L08. The harmonised criteria for classification of chemicals as hazardous for the aguatic

environment focus on single substances. A certain type of intrinsically complex substance are
multi-component substances. They are typically of natural origin and need occasionally to be
considercd. This may be the case for chemicals that are produced or extracted from mineral il or
plant material. Such complex chemicals are normally considered as single substances in a
regulatory context. In most cases they are defined as a homologous series of substances within a
certain range of carbon chain length and/or degree of substitution.  When this is the case, no major
differcnce in degradability is foreseen and the degree of degradability can be established from tests
of the complex chemical. One cxeeption would be when a borderline degradation is found because
in this case some of the individual substances may be rapidly degradable and other may be not
rapidly degradable. This requires a more detailed assessment of the degradability of the individual
components in the complex substance. When not-rapidly-degradable componeats constitute a
significant part of the complex substance (e.g., more than 20%, or for a hazardous component, an
even lower content), the substance should be regarded as not rapidly degradable.

4.3.2 Availability of the substance

109. Degradation of organic substances in the environment takes place mostly in the aquatic
compartments or in aquatic phascs in soil or sediment. Hydrolysis, of course, requires the presence
of water.  The activity of micro-organisms depends on the presence of water. Moreover,
biodegradation requires that the miero-organisms are directly in contact with the substance.
Dissolution of the substance in the water phase that surrounds the micro-organisms is therefore the
most dircet way for contact between the bacteria and fungi and the substrate.

110. The present standard metheds for investigating degradability of chemieal substances are
developed for readily soluble test compounds. However, many organic substances arc only slightly
soluble in water, As the standard tests require 2-100 mg/L of the test substance, sufficient
availability may not be reached for substances with a low water solubility. Tests with centinnous
mixing and/or an increased expesure time, or tests with a special design where coneentrations of the
test substance lower than the water solubility have been employed, may be available on slightly
soluble compounds.

4.3.3 Test duration less than 28 days

LLL, Sometimes degradation is reported for tests terminated before the 28 days period specified
in the standards (e.g., the MITI, 1992). These data are of course dircetly applicable when a
degradation greater than or equal to the pass level is obtained, When a lower degradation level is
rcached, the results need to be interpreled with eaution. One possibility is that the duration of the
test was too short and that the chemical structure would probably have been degraded in a 28-day
biedegradability test. 1f substaatial degradation oceurs within a short time period, the situation may
be compared with the criterion BOD5/COD 2 0.5 or with the requirements on degradation within the
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10-days time window. In these cases, a substance may be considered readily degradable (and hence
rapidly degradable), if:

¢ the ultimnate biodegradability exceeds 50% within 5 days; or
o the ultimate degradation rate constant in this period is greater than 0.1 day’
corresponding to a half-life of 7 days.

112, Tliese criteria are proposed in order to cnsure that rapid mineralisation did occur, although
the test was ended before 28 days and before the pass level was attained. Interpretation of test data
that do not comply with the prescribed pass levels must be made with great caution. It is mandatory
to consider whether a biodegradability below the pass level was due to a partial degradation of the
substance and not a complete mineralisation. If partial degradation is the probable explanation for
the observed biodegradability, the substance should be considered not readily biodegradable.

434 Primary biodegradation

113. In some tests, only the disappearance of the parent compound (i.e., primary degradation) is
determined for example by following the degradation by specific or group specific chemical
analyses of the test substance, Data on primary bicdegradability may be used for demonstrating
rapid degradability; only when it can be satisfactorily demonstrated, that the degradation products
formed do not fulfil the criteria for classification as hazardous fo the aguatic environment,

4.3.5 Conflicting results from screening tests

114, The situation where more degradation datz are available for the same substance introduces
the possibility of conflicting results. In general, conflicting results for a substance which has been
tested several times with an appropriate biodegradability test could be interpreted by a “weight of
evidence approach”, This implies that if both positive (i.e., higher degradation than the pass level)
and negative results have been obtained for a substance in ready biodegradability tests, then the data
of the highest qualify and the best documentation should be used for determining the ready
biodegradability of the substance. However, positive results in ready biodegradability tests could be
considered valid, irrespective of negative results, when the scientific quality is good and the test
conditions are well documented, i.e., guideline criteria are fulfilled, including the use of non-pre-
exposed (non-adapted) inoculum. None of the varjous screening tests are suitable for the testing of
all types of substances, and results obtained by the use of a test procedure which is not suitable for
the specific substance should be evaluated carefully before a decision on the use is taken.

115, Thus, there are a number of factors that may explain couflicting biodegradability data from
screcning tests:

¢ inoculum;

* toxicity of test substance;

s test conditions;

s solubility of the test substance; and
¢ volatilisation of the test substance.

116. The suitability of the inoculum for degrading the test substance depends on the presence
and amount of competent degraders. When the iuoculum is obtained froni an enviromment that has
previously been exposed to the test substance, the inoculum 1nay be adapted as evidenced by a
degradation capacity, which is greater than that of an inoculum frem a non-exposed environment,
As far as possible the inoculum must be sampled from an unexposed environment, but for
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substances that are used ubiquitously in high volumes and released widespread or more or less
continuously, this may be difficult or impossible. When conflicting results are obtained, the origin
of the inoculum should be checked in order to clarify whether or not differences in the adaptation of
the microbial community may be the reason.

117, As mentioned above, many substances may be texic or inhibitory to the inoculum at the
relatively high concentrations tested in ready biodegradability tests, Especiaily in the Modified
MITI (7} test (OECD Test Guideline 301C) and the Manometric Respirometry test (OECD Test
Guideline 301F) high concentrations (100 mg/L) are prescribed.  The lowest test substance
concentrations are prescribed in the Closed Bottle test (OECD Test Guideline 301D) where 2-10
mg/L is nscd. The possibility of toxic effects may be evaluated by ineluding a toxicity contral in the
rcady biodegradability test or by comparing the test concentration with toxieity test data on micro-
organisms, c.g., the rcspiration inhibition tests (OECD Test Guideline 209), the nitrification
inhibition test (18O 9509) or, if other microbial toxicity tests arc net available, the bioluminescence
inhibition test (ISO 11348). When conflicting results are found, this may be_caused by toxicity of
the test substance. If the substance is not inhibitory at environmentally realistic concentrations, the
greatest degradation mcasured in screcning tests may be used as a basis for classification. If
simulation test data are available in such cases, consideration of these data may be especially
important, because a low non inhibitery concentration of the substance may have been ceployed,
thus giving a more rcliable indication of the biodegradation half-life of the substance under
enviropmentally realistic conditions.

118. When the solubility of the test substanec is lower than the concentrations employed in a
test, this parameter may be the limiting factor for the actual degradation measured. In these cases,
results from tests empleying the lowest concentrations of test substance should prevail, i.e., often the
Closed Bottle test (OECD Test Guideline 301D). In general, the DOC Die-Away test (OECD Test
Guideline 301A) and the Modified OECD Screening test (OECD Test Guideline 301E} are not
suitable for testing the biedegradability of poorly soluble substances (e.g., OECD Test Guideline
300,

119 Volatile substances should only be tested in closed systems as the Closed Bottle test
(OECDH Test Guideline 301D), the MITI 1 test (OECD Test Guideling 301C} and the Manometrie
Respirometry test (OECD Test Guideline 301F). Results from other tests should be evaluated
carefilly and only considered if it can be demonstrated, e.g., by mass balance estimates, that the
renioval of the test substance is not a result of velatilisation,

4.3.6 Variation in simulation test data

120. A nuniber of simulation tcst data may be available for certain high priority chemicals.
Often such data provide a range of half lives in cavironmental media such as soil, sediment and/or
surface water. The obscrved differences in hal f-lives from simulation tests performed on the same
substancc may reflect differences in test conditions, all of which may be envircnmentally rclevant.
A suitable half lifc in the higher end of the observed range of half lives fiom such investigations
should be sclected for classification by emploving a weight of evidence approach and taking the
realism and relevance of the employed tests inte account in relation to environimental conditions, n
general, simulation test data of surface water are preferred relative to aquatic sediment or soil
simulation test data in relation to the evaluation of rapid degradability in the aquatic environment.
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4.4 Decision scheme

121, The following decision scheme may be used as a general guidance to facilitate decisions in
relation to rapid degradability in the aquatic environment and classification of chemicals hazardous
to the aquatic environment.

122, A substance is considered to be not rapidly degradable unless at least one of the following
is fulfilled:
1 the substance is demonstrated to be readily biodegradable in a 28-day test for ready

biodegradability. The pass level of the test (70% DOC removal or 60% theoretical oxygen
demand) must be achieved within 10 days from the onset of biodegradation, if it is
possible to gvaluate this according to the available test data. If this is not possible, then the
pass level should be evaluated within a 14 days time window if possible, or after the end
of the test; or

2y the substance is demonstrated to be ultimately degraded in a surface water simulation test |
with a half.life of <16 days (corresponding to a degradation of >70% within 28 days); or

3 the substance is demonstrated te be primarily degraded {bictically or abiotically) in the
aquatic cnviromneat with a half-life <16 days (corresponding to a degradation of >70%
within 28 days) and it can be demonstrated that the degradation products do not fulfil the
criteria for classification as hazardous to the aquatic environment; or

When these data are not available rapid degradation may be demoenstrated if either of the following
criteria are justified:

4 the substance is demonstrated to be ultimately degraded in an aquatic sediment or soil
simulation test ' with a half-life of < 16 days {corresponding to a degradation of > 70%
within 28 days); or

5 in those cases where only BOD; and COD data are available, the ratio of BOD/COD is

greater than or equal to 0.5. The same criterion applies to ready biodegradability tests of a
shorter duration than 28 days, if the half-life furthermore is < 7 days.

Note 1. Simulations tests should reflect realistic envirommental conditions such as low
concentration of the chemical, realistic temperanire and employment of ambient nicrobial
biomass not pre-exposed to the chemical,

123. If none of the above types of data are available then the substance is considered as not
rapidly degradable, This deciston may be supported by fulfilment of at least one of the following
criteria:

1. the substance is not inherently degradable in an inherent biodegradability test; or
2. the substances is predicted to be slowly biodegradable by scientifically valid QSARs,

e.g., for the Biodegradation Probability Program, the score for rapid degradation {linear
or non-linear model) < 0.5; or
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3. the substance is considered to be not rapidly degradable based on indirect evidence, as
e.z., knowledge from structuraily similar substances; or

4, no other data regarding degradability are avaitable,
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ANNEX 4.1
DETERMINATION OF BEGRADABILITY OF ORGANIC SUBSTANCES

124, Organic substanccs may be degraded by abiotic or biotic processes or by a combination of
these. A numiber of standard procedures or tests for deteriuination of the degradability are available.
The general principles of some of these are described below. Tt is by ne way thie intention to present
a comprehensive review of degradability test methods, but only to place the methods in the context
of aquatic hazard classification.

1. ABIOTIC DEGRADABILITY

125, Abiotic  degradation comprises chemical transformation and photochemical
transformation. Usually abiotic transformations will yield other organic cempounds but will not
cause a full mineralisation (Schwarzenbach ef a/., 1993). Chemical transformation is defined as
transformation that happens without light and without the mediation of organisms whereas
photochemical transformations require light.

126, Examples of relevant chemical transformation processes in aqueous environment are
hydrolysis, nucleophilic substitution, elilnination, oxidation and reduction reactions {Schwarzenbach
et al, 1993). Of these, hydrolysis is often considered the most important and it is the only chemical
transformation process for which inteérnational test guidelines are generally available. The fests for
abiotic degradation of chemicals arc geucrally in the fonu of determination of transformation rates
undcr standardised conditions.

2, HYDROLYSIS

127. Hydrolysis is the reaction of the nuclcophiles HoO or OH with a chemical wherc a
(lcaving) group of the clicmical is exchanged with an OH group. Many compounds, especially acid
derivatives, are susceptible to hydrolysis. Hydrelysis can both be abiotic and biotic, but in regard to
testing only abiotic hydrolysis is considered, Hydrolysis can take place by different mechanisms at
differcat pHs, neutral, acid- or basc-catalysed hydrolysis, and hydrolysis rates may be vory
dependent on pH.

128. Currently two guidelines for evaluating abiotic hydrolysis are generally available, the
OECD Test Guideline 111 Fydrolysis as a fimction of pH (corresponding to OPPTS 835.2110) and
OPPTS 835.2130 Hydrolysis as a function of pH and temperature. In OECD Test Guideline [11,
the overall hydrolysis rate at different pHs in pure buffered water is determined. The test is divided
in two, a preliminary test that is performed for chemicals with unknown hydrolysis rates and & more
detailed test that is performed for chemicals that are knowu to be hydrolytically unstable and for
cheniicals for which the preliminary test shows fast liydrolysis. In the preliminary test the
concentration of the chemical in buffered solutions at pHs in the range normally found in the
environment (pHs of 4, 7 and 9) at 50°C is measured after 5 days. If the concentration of the
chemical has decreased less than 10 % it is considered liydrolytically stable, otherwise the detailed
test may be performed. In the detailed test, the overall hydrolysis rate is determined at three pHs (4,
7 and 9) by measuring the concentration of the chemical as a function of time. The hydrolysis rate
is determined at different temperatures so that interpolations or extrapolations to environmentally
relevant temperatures can be made. The OPPTS 835.2130 test is almost identical in design to the
OECD Test Guideline 111, the difference mainly being in the treatinent of data.
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129. It should be poted that apart from hydrolysis the hydrolysis rate constants determined by
the tests inciude all other abiotic transformations that may occur without light under the given test
conditions. Good agreement has been found between hydrolysis rates in natural and in pure waters
(OPPTS 835.2110).

3 PHOTOLYSIS

130. At present, there is no OECD guideline on agueous photodegradation, but a guidance
document, concerning aquatic direct photolysis, is available (OECD, [997). Thc Guidance
Document is supposed to forin the basis for a scheduled guideline. According to the definitions set
out in this Guidance Document, phototransformation of compounds in water can be in the form of
primary or secondary plototransformation, where the primary phototransformation (photolysis) can
be divided further into ditect and indirect photolysis. Direet phototransformation (photolysis) is the
case where the chemical absorbs light and as a direct result hercof undergocs transformation.
Indirect phototransformation is the case where other excited species transfer energy, electrons or H-
atoms to the chicmical and thereby induces a transformation (sensitised photolysis). Secondary
phototransformation is the casc where chemical reactions occur between the chemical and reactive
short lived specics like hydroxy radicals, peroxy radicals or singlet oxygen that arc formed in the
presence of light by reactions of excited specics like exeited humic or fulvic acids or nitrate.

131, The only currently available guidelines on phototransformation of chemicals in water are
therefore OPPTS 8352214 Direct photolysis rate in water by sunlight and OPPTS 83552740
Indirect phorolysis screening rest, The OPPTS 835.2210 test uses a tiered approachk. In Tier 1 the
maximum direct photolysis rate constant (ininimum half-life) is caleulated from a measured molar
absorptivity, In Tier 2 there are two phases. In Phase 1 the chemical is photolysed with sunlight
and an approximate rate constant is obtained. In Phase 2, a more accurate rate constaat is
determined by using an actinometer that quantifies the intensity of the light that the chemical has
actually been exposed to. From the parameters measured, the actual direct photodegradation rate at
different temperatures and for different latitudes can be calculated. This degradation rate will only
apply to the uppennost fayer of a water body, e.g., the first 50 cin or less and only when the water is
pure and air saturated which may clearly not be the case in environmem, However, the results can
be extended over other environmental conditions by the use of a computer programme incorporating
attenuation in natural waters and other relevant factors.

132, The OPPTS 835.5270 screening test concerns indirect photolysis of chermcals in waters
that contain huinic substances. The prineiple of the test is that in natural watcrs exposed to natural
sunlight a measured phototransforination rate will include hoth direct and indirect
phototransformation, whereas only direct phototransformation will take place in pure water.
Therefore, the difference between the direct photodegradation rate in pure water and the total
photodcgradation in natural watcr is the sum of indirect photolysis and secondary photodegradation
according to the definitions set cut in the OECD Guidance Document. I the practical application
of the test, commercial humic substances are used to make up a synthetic humic water, which
wimics a natural water. It should be noted that the indirect phototransformation rate determined is
only valid for the season and latifude for which it is determined and it is not possible to transfer the
results to other latitudes and seasons.

167

306



ENVAM/MONO(2001)6

4. BIOTIC DEGRADABILITY

133, Only a brief overview of the test methods is given below. For more information, the
comprehensive OECD Detailed Review Paper ou Biodegradability Testing (OECD, 1995) should be
consulted.

3. READY BIODEGRADABILITY

134, Standard tests for determination of the ready biodegradability of organic substances are
developed by a nuntber of organisations including OECD (OECD Test Guidelines 301A-F), EU
(C.4 tests), OPPTS (835.3110) and ISO (9408, 9439, 10707},

135. The ready biodegradability tests are stringent tests, whicl provide limited opportunity for
biodegradation and acclimatisation to occur. The basic test conditions ensuring these specifications
are:

high coneentration of test substance (2-100 mg/L);

the test suybstance is the scle carbon and energy source;

low to medium concentration of inoculum (10*-10° cells/mL);

no pre-adaptation of moculum is allowed;

28 days test period with a 10-days time window (except for the MITI § method {OECD
Test Guideline 361C)) for degradation to take place;

test temperature < 25°C; and

¢ pass levels of 76% (DOC removal) or 60% (O: demand or CO, evclution)
demonstrating complete mineralisation (as the remaining carbon of the test substance
is assumed to be built into the growing biomass).

136. It is assunsed that a positive result in one of the ready biodegradability tests demonstrates
that the substance will degrade rapidly in the environinent {OECD Test Guidelines).

137. Also the traditional BODs tests (e.g., the EU C.5 test) may demonstrate whetler a
substance is readily biodegradable. Tis tltis test, the relative bioclicmical oxygen demand in a period
of 5 days is compared to the theoretical oxygen demand {T1OD) or, when this is not available, the
chemical oxygen demand (COD). The test is completed within five days and consequently, the pass
level defined i the proposed hazard classification criteria at 50% is lower thau in the ready
biodegradability tests.

138. The screening test for biodegradability in seawater {OECD Test Guideline 306) may be
seen as seawater parallel to the ready biodegradability tests. Substances that reach the pass level in
QECD Test Guidcline 306 (L.c., >70% DOC removal or >60 tlicoretical oxygen demand) may be
regarded as readily blodcgradable since the degradatzon potential is nonnally lower in seawater than
in the freshwater degradation tests.

6. INHERENT BIODEGRADABILITY

139, Tests for inherent biodegradability are designed to assess whether a substance has any
potential for biodegradation. Examples of such tests are the QECD Test Guidelines 302A-C tests,
the EUJ C.9 and C.12 tests, and the ASTM E 1625-94 test.

140. The basic test conditions favouring an assessment of the inherent biodegradation potential
are:
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* aprolonged exposure of the test substance to the inoculum allowing adaptation within
the test period;
a high concentration of micro-organisms;

* a favourable substance/biomass ratio.

14]. A positive result in an inherent test indicates that the test substance will not persist
indefinitely in the environment, however a rapid and coinplete biodegradation can not be assumed.
A result demonstrating more than 70% mineralisation indicates a polential for ultimate
biodegradation, a degradation of more than 20% indicates inherent, primary biodegradation, and a
result of lcss than 20% indicates that the subsiance is persistent. Thus, a negative resnlt means that
non-bicdegradability {persistence) should be assumed (QECID Test Guidelines).

142, In many inherent biodegradability tests only the disappearance of the test substance is
measured. Such a result only demonstrates a primary biodegradability and not a total
mineralisation. Thus, more or less persistent degradation products may have been formed. Primary
biodegradation of a substance is no indication of ultimate degradability in the environment.

143, The OECD inherent biodegradation tests are very different in their appreach and
especially, the MITI Il test (OECD Test Guideline 302C) employs a congentration of inoculuw that
is only three times higher than in the corresponding MITI I ready biodegradability test (OECD Test
Guideline 301C). Also the Zahn-Wellens 1est (QECD Test Guideline 302B) is a relatively “weak”
inherent test. However, although the degradation potential in these tests is not very mucl stronger
than in the ready biodegradability tests, the results can not be extrapolated to conditions in the ready
biodegradability tests and in the aquatic environment.

7. AQUATIC SIMULATION TESTS

144, A simulation test attempts to simulate biodegradation in a specific aquatic environment,
As cxamples of a standard test for simulation of degradation in the aquatic enviromment may be
mentioned the ISO/D$14592 Shake flask batch test with surface water or surface water/sediment
suspensions (Nyholm and Tordng, 1999), the ASTM E 1279-89(95) test on biodegradation by a
shake-flask die-away methed and the similar OPPTS 835.3170 test. Such test methods are often
referred to as river dic-away tests,

145, The features of the tests that ensures simulation of the conditious in the aquatic
environment are:

» use of a natural water (and sediment) sample as inoculum; and
+ low concentration of test substance (1-100 pg/l) ensuring first-order degradation
kinetics.

146. The use of a radiolabelled test compound is vecommended as this facilitates the
determination of the ultimate degradation. If only the removal of the test substance by chemical
analysis is determined, only the primary degradability is determined. Froin observation of the
degradation kinetics, the rate constant for the degradation can be derived. Due to the low
concentration of 1he test substance, first-order degradation kinetics are assumed to prevail.

147. The test may also be conducted with natural sediment simulating the conditions in the

sediment compariment. Moreover, by sterilising the samples, the abiotic degradation under the test
conditions can be determined.
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8. STP SIMULATION TESTS

148, Tests are also available for sinwlating the degradability in a sewage treatment plant (STP),
€.g., the OECD Test Guideline 303A Coupled Unit test, ISO 11733 Aectivated sludge simulation test,
and the EU C.10 test. Recently, a new simulation test employing low concentrations of organic
pollutants has been proposed (Nyholm et. al., 1996}

9. ANAEROBIC DEGRADABILITY

149 Test niethods for anacrobic biodegradability detenuine the intrinsic potential of the test
substance to undergo biodegradation under anacrobic conditions. Examnples of such tests are the
ISO 11734:1995(E) test, the ASTM E 1196-92 test and the OPPTS 835.3400 test.

150. The potential for anacrobic degradation is determined during a period of up to eight weeks
and with the test conditions indicated below:

« performance of the test in sealed vessels in the absence of O, (initially in a pure N;
atmosphere);
use of digested sludge;,

+ atest temperature of 33°C; and

» detennination of head-space gas pressure (CO, and CH, formation).

151. The ultimate degradation is deterniined by determining the gas production, However, also
primary degradation may be determined by measuring the remaining parent substance.

I0. DEGRADATION IN SOIL AND SEDIMENT

152, Many chemical substances end up in the soil or sediment compariments and an assessment
of their degradability in these environments may therefore be of importance, Among standard
methods may be mentioned the OECD Test Guideline 304A test on inherent biodegradability in soil,
whick corresponds to the OPPTS 835.3300 test.

153. The special test characteristics ensuring the determination of the inherent degradability in
soil are:

» natural soil samiples are used without additional inocul ation;
s radiolabelled test substance is used; and
» cvolution of radiolabelled CO, is detcrmined.

154, A standard method for determining the biodegradation in sediment is the OPPTS 835.3180
Sediment/water microcosm biodegradation test. Microcosms containing sediment and water are
collected from test sites and test compounds are introduced into the system. Disappearance of the
parent compound (i.e., primary biodegradation) and, if feasible, appearance of metabolites or
measurements of ultimate biodegradation may be made.

155. Currently, two new QECD guidelines are being drafied on aerobic and anaerobic
transformation in soil {OECD Test Guideline, 1999a) and in aquatic sediment systems {OECD Test
Guideline 1999b}), respectively. The expenments are performed to determine the rate of
transformation of the test substance and the nature and 1ates of formation and decline of
transformation products under environmentally realistic conditions including a realistic
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concentration of the fest substance. Either complete mineralisation or primary degradability may be
determined depending on the analytical method employed for determining the transformation of the
test substance.

1L METHODS FOR ESTIMATING BIODEGRADABILITY

156. In recent years, possibilities for estimating environmental properties of chemical
substances have been developed and, among these, also methods for predicting the biodegradability
poteatial of organic substances (c.g., the Syracusc Rescarch Corporation’s Biodegradability
Probability Program, BIOWIN). Reviews of methods have been performed by OECD (1993) and by
Langenberg er al. (1996). They show that group contribution methods seem to be the most
successful methods, Of these, the Biodegradation Probability Program (BIOWIN) scems to have
the broadest application. It gives a qualitative estimate of the probability of slow or fast
biodegradation in the presence of a mixed population of environmental micro-organisms. The
applicability of this program has been evaluated by the US EPA/EC Joint Project on the Evaluation
of ()SARs (OECD, 1994), and by Pedersen ef af. (1995). The latter is briefly refemed below.

157. A validation sct of experimentally determined biodegradation data was selected among the
data from MITT (1992), but exeluding substances for which no precise degradation data were
available and substances already used for development of the programme. The validation sct then
consisted of 304 substauces. The biodegradability of these substances were estimated by use of the
pregramme’ nen-linear estimation module (the most reliable) and the results compared with the
measured data. 162 substances were predicted to degrade “fast”, but only 41 (25%) were actually
readily degradable in the MITI I test. 142 substances were predicted to degrade “slowly”, which was
confirmed by 138 (97%) substances being not readily degradable in the MITI I test. Thus, it was
concluded that the programme may be used for classification purposes only when no experimental
degradation data can be obtained, and when the programme predicts a substance to he degraded
“slowly™. In this case, the substance can be regarded as not rapidly degradable.

158. The same conclusion was reached in the US EPA/EC Joint Project on the Evaluation of
(Q)SARs by use of experimental and QSAR data on new substances notified in the EU. The
evaluation was based on an analysis of QSAR predictions on 115 new substances also tested
experimentally in ready biodegradability tests, Only 9 of the substances induded in this analysis
were readily biodegradable. The employed QSAR methodology is not fully specified in the final
report of the Foint US EPA/EC project (OECD, 1994), but it is likely that the majority of predictions
were made by using methods which later have been integrated in the Biodegradation Probability
Program.

159. Also in the EU TGD (BC, 1996) it is recommended that estimated biodegradability by use
of the Biodegradation Probability Program is used only in a couservative way, 1.¢., when the
programme predicts fast biodegradation, this result should not be taken into consideration, whereas
predictions of slow biodegradation may be considered (EC, 1996).

166. Thus, the use of results of the Biodcgradability Probability Prograint in a conservative way

may fulfil the needs for evaluating biodegradability of some of the large nuimber of substances for
which no experimental degradation data are available.
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ANNEX 4.H
FACTORS INFLUENCING DEGRADABILITY IN THE AUQATIC ENVIRONMENT

161. The OECD classification criteria are considering the hazards t the aquatic environment
only. Howcver, the hazard classification is primarily based on data prepared by conduction of tests
under laboratory conditions that enly seldon are similar to the conditions in the environment. Thus,
the interpretation of laboratory test data for prediction of the hazards in the aquatic environment
should be considered.

162. Interpretation of test results on biodegradability of organic substances has been considered
in the QECD Detailed Review Paper on Biodegradability Testing (OECD, 1995).

163, The ¢onditions in the envirenment are typically very different from the conditions in the
standardised test systerns, which make the extrapolation of degradation data from laboratory tests to
the environment difficult. Among the differences, the following have significant influence on the

degradability:

¢ Organism related facters (presence of competent micro-organisais);

o  Substrate related factors (concentration of the substance and presence of other
substrates); and

» Environment related factors (physico-chemical conditions, presence of nutrients,
bicavailability of the substance).

164, These aspects will be discussed further below.
1. PRESENCE OF COMPETENT MICRO-ORGANISMS

165, Biodegradation in the aquatic environment is dependent on the presence of competent
micro-organisms in sufficient numbers. The natyral microbial communities consist of a very diverse
biomass and when a ‘new’ substance is introduced in a sufficiently high concentration, the biomass
may be adapted to degrade this substance. Frequently, the adaptation of the microbial population is
caused by the growth of specific degraders that by nature are competent to degrade the substance.
However, also other processes as enzyme induction, exchange of genetic material and development
of tolerance to toxicity may be involved.

166. Adaptation takes place during a “lag” phasc, which is the time peried from the onset of the
exposure until a significant degradation begins, It seems obvious that the length of the lag phase
will depend on the initial presence of competent degraders. This will again depend on the history of
the microbial community, i.c., whether the community formerly has been exposed to the substance,
This means that when a xenobietic substance has been used and emitted ybiguitously in 2 number of
years, the likelihood of finding competent degraders will increase. This will especially be the case
in eovironments receiving emissions as e.g., biological wastewater treatment plants. Often more
consistent degradation results arc found in tests where inocula from polluted waters are nsed
compared to tests with inocula from unpolluted water (OECD, 1995; Nyhelm and Ingerslev, 1997).

167, A number of factors determine whether the potential for adaptation in the aquatic
environment is comparable with the potentia] in laboratory tests. Among other things adaptation
depends on:

« initial number of competent degraders in the biomass (fraction and number);
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s presence of surfaces for attachment;
» coucentration and availability of substrate; and
» presence of other substrates.

168, The length of the lag phase depends on the initial number of conipetent degraders and, for
toxic substances, the survival and recovery of these. In standard ready biodegradability tests, the
inoculum is sainpled in sewage treatnient plants. As the load with pollutants is normally higher than
in the enviroriment, both the fraction and the numbcer of competent degraders may be higher than in
the less polluted aquatic environnent. It is, however, difficult to estimnate how much longer the lag
phase will be in the aquatic environment than in a laboratory test due to the likely lower initial
nuinber of competent degraders,

169. Over long periods of time, the iuitial concentration of conipetent degraders is not
important as they will grow up wlen a suitable substrate is present in sufficient concentrations.
However, if the degradability in a short period of time is of concern, the initial concentration of
competent degrading micro-crganisms should be considered (Scow, 1982).

170. The presence of flocs, aggregates and attached micro-organisms may zlse enliance
adaptation by e.g., deveiopment of microbial niches with consortia of micro-organisms. This is of
importance when considering the capability of adaptation in the diverse environments in sewage
treatment plants or in sediment or soil. However, the total number of micro-organisms in ready
biodegradability tests and in the aquatic environment are of the same orders of magnitude (10%-10°
cells/mL in ready biodegradability tests and 10°-10° cells/mL or more in surface water (Scow,
1982). Thus, this factor is probably of minor importance.

171. When discussing the extrapolation to envirorumental eonditions it may be valuable to
discriminate between oligotrophic and eutrophic environments. Micro-organisms thriving under
oligotrophic conditions are able to mineralise organic substrates at low concentrations {fractions of
mg C/L), and they normally have a greater affinity for the substrate but lower growth rates and
lhigher generation times than entrophic organisms (OECD, 1995). Moreover, oligotrophs arc unable
to degradc cliemicals in concentrations higher than | mg/L and may even be inhibited at high
concentrations.  Opposite to that, cutrophs require higlicr substrate coucentrations before
niileralisation begins and they thrive at higher concentrations than oligotroplis. Tlws, the lower
threshold limit for degradation in the aquatic environment will depend on whether the microbial
population is an oligotroph or an cutroph population. It is, however, not clear whether oligotrophs
and cufrophs are different speeies or whether there is only an oligotrophic and an eutropliic way of
life (OECD, 1955)., Most pollutants reach tlhe aquatic environment divectly through discharge of
wastewater and consequently, these recipients are mostly cutrophic,

172. From the above discussion it may thus he concluded that the chance of presence of
competent degraders is greatest in highly ¢xposed environments, i.e., in environments centinuously
receiving substances (which niore frequently occurs for higl production volume chemicals than for
low production volume chemicals). These environments are often eutrophic and therefore, the
degradation may require relatively high concentrations of substances before onset, On the other
hand, in pristine waters competent species may be lacking, especially species capable of degradation
of chenicals only occasionally released as low production voluine chemicals.
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2. SUBSTRATE RELATED FACTORS
2.1 Concentration of test substance
173. In most laboratory tests, the test substance is applied in very high concentrations (2-100

mg/L) compared to the concentrations in the lower pg/L range that may be expected in the aquatic
environment. In general, growth of micro-organisms is not supported whea a substrate is present in
concentrations below a threshold level of around 10 pg/E and at lower concentrations, even the
cnergy requirement for maintenance is not met (OECD, 1993). The reason for this lower threshold
levet is possibly a lack of sufficient stimulus to initiate an enzymatic response (Scow, 1982). This
means in general that the concentrations of many substances in the aquatic environment are at a
level where they can only Liardly be the primary substrate for degrading micro-organisms.

174, Moreover, the degradation kinetics depends on substance concentration (Sg) compared
with the saturation constant {K,) as described in the Monod cquation. The saturation constant is the
concentration of the substrate resulting in a specific growth rate of 50%6 of the maximum specific
growth rate. At substrate concentrations much lower than the saturation constant, which is the
normnal sitization in most of the aquatic environment, the degradation can be described by first order
or logistic kinetics (OECD, 1995). Whea a low density of micro-organisms (lower than 10°-10°
cells/mL) prevails {c.g., in oligotrophic waters), the population grows at ever decreasing rates whicly
is typical of logistic kinctics. At a higher deasity of micro-organisms (e.g., in cutrophic waters), the
substraic concentration is not high enough to support growtl: of the cells and first order kinetics
apply, i.e., the degradation rate is proportional with the substance concentration. In practice, it may
be impossible to distinguish between the two types of degradation kinetics due to uncertainty of the
data (OECD, 1995).

175, In conclusion, substances in low concentrations (i.e., below 10 ng/L) are probably not
degraded as primary substrates in the aquatic environment. At higher concentrations, readily
degradable substances will probably be degraded as primary substrates in the environment at a
degradation rate more or less proportional with the concentration of the substance, Tlhe degradation
of substances as secondary substrates is discussed below.

2.2 Prescnce of other substrates

176. In the standard tests, the fest substance is applied as the sole substrate for the micro-
organisms while in the enviromnent, a large number of other substrates are present. In natural
waters, concentrations of dissolved organic carbon are often found in the range 1-10 mg C/L, i.e., up
to a factor 1000 higher than a pollutant. However, much of this organic carbon is relatively
persistent with an increasing fraction of persistent matter the longer the distance from the shore.

177. Bacteria iz natural waters are primarily nourishing on exudates from algac. These
cxudates arc mincralised very quickly (within mimites) demonstrating that there is a high
degradation potential in the natwral micro-organism comimunitics. Thus, as micro-organisms
compete for the variety of substrates in natural waters, there is 2 selection pressure among micro-
organisms resulting in growth of opportunistic species capable of nowrishing on quickly mineralised
substrates, wlile growth of more specialised specics is suppressed. Expericnces from isolation of
bacteria capable of degrading various xenobiotics have demonstrated that these organisms are often
growing relatively slowly and survive on complex carbon sources in competition with more rapidly
growing bacteria. When competent micro-organisins are present in the environment, their numbers
may incrcase if the specific xenobiotic substrate i continuously released and reach a concentration.
in the environment sufficient to support growth. However, most of the organic pollutants in the
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aquatic envirenment are present in low congentrations and will only be degraded as secondary
substrates not supporting growth.

i78. On the other hand, the presence of quickly mineralised substrates in higher concentrations
may facilitate an initial transformation of the xenobiotic molecule by co-metabolism. The co-
metabolised substance may then be available for further degradation and mineralisation. Thus, the
presence of other substrates may increase the possibilities for a substance to be degraded.

179. It may then bo concluded that the presence of a variety of substrates in natural waters and
among them quickly mineralised substrates, may on the one hand cause a selection pressure
suppressing growth of micro-organisms cornpetent of degrading micro-pollutants. On the other
hand it may facilitate an increased degradation by an initial co-metabolism followed by a finrther
mineralisation. The relative importance of these processes under natural conditions may vary
depending on both the environmental conditions and the substance and no generalisation can yet be
cstablished.

3. ENVIRONMENT RELATED FACTORS

180. The cnvironmental variabies control the general microbial activity rather than specific
degradation processes. However, the significance of the influence varies between different
ecosystems and microbial species (Scow, 1982).

3.1 Redox potential

181. One of the most important environmert related factors influencing the degradability is
probably the presence of oxygen. The oxygen content and the related redox potential determines the
presence of different types of micro-organisms in aguatic environments with aerobie organisms
present in the water phase, in the upper layer of sediments and in parts of sewage treatment plants,
and anaerobic organisms present in sediments and parts of sewage treatmeut plants. In most parts of
the water phase, aerabic conditions are prevailing and the predietion of the biodegradability should
be based on results from aerobic tests. However, in some aquatic environments the oxygen content
may be very low in perods of the year due to eutrophication and the following decay of produced
organic matter. In these periods, aerobic organisms will not be able to degrade the chemical, but
anaercbic processes may take over if the chemical is degradahle under anaerobic conditions.

32 Temperatanre

182. Another important parameter is the temperature. Most laboratory tests are performed at
20-25°C (standard acrobic ready biodegradability tests), but anaerebic tests may be performed at
35°C as this better mimics the conditions in a sludge reactor. Microbial activity is found in the
cnvironsment at temperatures ranging from below 0°C to 100°C. However, optimum temperatures
are probably in the range from 10°C te 30°C and roughly, the degradation rate doubles for cvery
10°C increase of temperature in this range (de Henau, 1993}, Outside this optimum range the
activity of the degraders is reduced drastically although some specialised species (termo- and
psycrophilic bacteria} may thrive. When extrapolating from laboratory conditions, it should be
considered that some aquatic environments are covered by ice in substantial periods of the year and
that only minor or ¢ven no degradation can be expected during the winter season.

33 pH
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183. Active micro-organisms are found in the entire pH range found in the environment.
However, for bacteria as a group, slightly afkaline conditions favour the activity and the optimum
pH range is 6-8. At a pH lower than 5, the metabolic activity in bacteria is significantly decreased.
For fungi as a group, slightly acidic conditions favour the activity with an optimum pH range of 5-6
{Scow, 1982). Thus, an optimum for the degrading activity of micro-organisms will probably be
within the pH range of 5-8, which is the range most often prevailing in the aquatic environment,

34 Presence of nutrients

184, The presence of inorganic nuatrients (nitrogen and phosphorus) is often required for
microbial growth. However, these are only seldom the activity limiting factors in the aquatic
environment whete growth of inicro-organisms is often substrate limited. However, the presence of
nutrient influences the growth of primary producers and then again the availability of readily
mineralised cxudatcs.
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ANNEX 4111
TEST GUIDELINES

185. Most of the guidelines mentioned are found in cempilations from the organisation
issuing them. The main rcferences to these are:

¢ EC guidelines: European Cotnmission {1996). Classification, Packaging and Labelling
of Dangerous Substances in the European Union. Part 2 — Testing Methods. European
Commission. 1997, ESBN92-828-0076-8. (Homcpage: httpy//ech ei.jre.it/tesling:
methodss;

» ISO guidelines: Available from the national standardisation organisations or ISO
(Homepage: hup//fwww.iso.ch/f);

s OECD gudclines for the testing of chemicals. OECD, Paris. 1993 with regular
updates (Homepage: hitp//www,.oecd.ore/ehs/test/testlist. him);

¢ OPPTS guidelines: US-EPA’s homepage:

ttpe/fwww.cpa.poviopptsirs/home/gnidelin, hian;
¢  ASTM : ASTM’s homcepage: hitp///www.astim.org. Further scarch via “standards”,

ASTME 1196-92.
ASTM E 1279-85(95) Standard test method for biodegradation by a shake-fiask die-away method.

ASTM E 1623-94 Standard test method for determining biodegradability of organic cheinicals in
semi-continuous activated sludge (SCAS).

EC C.4. A to F: Determination of ready biodegradability. Directive 67/548/EEC, AnnexV. (1992).
EC C.5. Degradation: biochemical oxygen demand. Directive 67/348/EEC, AnnexV. (1992).

EC C.7. Degradation: abiotic degradation: hydrolysis as a function of pH. Dircctive 67/548/EEC,
AnncxV. (1992).

EC C.9, Biodegradation: Zahn-Wellens test. Directive 67/548/EEC, AnncxV. (1988).

EC C.10. Biodegradation: Activated sludge simwulation tests. Directive 67/548/EEC, AnmexV.
(1998).

EC C.11. Biodegradation: Activated sludge respiration inhibition test. Direclive 67/54%/EEC,
AnnexV.(1988).

EC C.12. Biodegradation: Modified SCAS tcs.t‘ Directive 67/548/EEC, AnnexV. (1998).
1SO 9408 (1991). Water quality - Evaluation in an aqueous medium of the "ultimate"
biodegradability of organic compounds - Method by determining the oxygen demand in a closed

respiremeter.

18O 9439 (1990). Water quality - Evalvation in an aqueous medium of the “ultimate"
biodegradability of organic compounds - Methed by analysis of released carbon dioxide.
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IS0 9509 (1996). Water guality - Method for assessing the inhibition of nitrification of activated
sludge micro-organisms by chermicals and wastewaters,

IS0 9887 (1992). Water quality - Evaluation of the aerobic biodegradability of organic compounds
in an aqueous medium - Semicontinuous activated sludge method {SCAS).

SO 9888 (1991). Water quality - Evaluation of the aerobic biodegradability of organic compounds
in an aqueous medium - Static test (Zahn-Wellens method).

ISO 10707 (1994). Water quality - Evaluation in an agqueous medium of the "ultimate”
biodegradability of organic compounds - Method by analysis of biochemical oxygen demand
{closed bottle test),

ISO 11348 (1997). Water quality - Determination of the inhibitory effect of water samples on the
light enission of Vibrio fischeri (Lumincscent bacteria test),

ISO 11733 (1994). Water guality - Evaluation of the elimination and biodegradability of organic
compounds in an agneous medinm - Activated sludge simulation test.

ISO 11734 (1995). Water quality - Evaluation of the "ultimate" anaerobic bicdegradability of
organic compounds in digested sludge - Method by measurement of the biogas production.

ISO/DIS 14592 .(1999) Water quality - Evaluation of the acrobic biodegradability of organic
compounds at low conceutrations in water. Part 1: Shake flask batch test with surface water or
surface water/sediment suspensions (22.11.1999).

OECD Test Guideline 111 (1981). Hydrolysis as a function of pH. OECD guidelines for testing of
chemicals,

OECD Test Guideline 209 (1984). Activated sludge, respiration inhibition test. OECD guidelines
for testing of chemnicals,

OBECD Test Guideline 301 (1992). Ready biodegradability. OECD guidelines for testing of
chemicals.

OECD Test Guideline 302A (1981). Inherent biodegradability: Modified SCAS test. OECD
guidelines for testing of chemicals,

OECD Test Guideline 302B (1992). Zahn-Wellens/EMPA test. OBECD guidelines for testing of
chemicals.

. OECD Test Guideline 302C (1981). Inherent biodegradability: Modified MITI test {II), OECD
guidelines for testing of chemicals.

OECD Test Guideline 303A (1981). Simulation test - acrobic sewage treatiment: Coupled umits test.
OECD gnidelines for testing of chemicals, Draft update available 1999,

OECD Test Guideline 304A (1981). Inkerent biodegradability in soil. OECD guidclives for testing
of chemicals.
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OECD Test Guideline 306 (1992). Biodegradability in seawater. OECD guidelines for testing of
chemicals,

OECD (1998b). Aerobic and anaerobic transformation in aquatic sediment systems. Draft proposal
for a new guideline, December 1999,

OECD {1999). Aerobic and anaerobic transformation in soil. Final text of a draft proposal for a new
guideline, October. 1999,

OECD {2000). Simulation test - Aerobic Transformation in Surface Water. Draft proposal for a new
guideline, May 2000.

OPPTS 835.2110 Hydrolysis as a function of pH.

OPPTS 835.2130 Hydrolysis as a function of pH and temperature.
OPPTS 835.2210 Direct photolysis rate in water by sunlight.
OPPTS 835.3110 Ready biodegradability.

OPPTS 835.3170 Shake flask die-away test.

OPPTS 835.3180 Sediment/water microcosm biodegradability test.
OPPTS 835.3200 Zahn-Wellens/EMPA test.

OPPTS 835.3210 Modified SCAS test.

OPPTS 835.3300 Soil biodegradation.

OPPTS 835.3400 Anaerobic biodegradability of organic chemicals,

OPPTS 835.5270 Indirect photolysis screening test: Sunlight photolysis in waters containing
dissolved humic substances.
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S. BIOACCUMULATION

5.1 INTRODUCTION

186. Bivaccumulation is one of the important intrinsic properties of chemical substances that
determine the potential environmental hazard. Bioaccumulation of a substance into an organism is
not a hazard in itself, but bioconcentration and bioaccumulation will result in @ body burden, which
may or may not lead to toxic effects. In the harmonised integrated Lazard classification system for
hunian healtl: and environmental effects of chemical substances (OECD, 1998), the wording
“potential for bicaccumulation™ is given. A distinction should, liowever, bc drawn between
biocencentration and bioaccumulation. Here bioconcentration is defined as ihie net result of uptake,
iransfonnation, and climination of a substance in an organism due to waterborne exposure, whereas
bicaccumulatior includes all routes of exposwre (i.c., via air, water, sediment/soil, and food).
Finally, bicmagnification is defined as accumulation and trausfer of substances via the food chain,
resulting in an increase of internal concentrations in organisms en higher levels of the trophic clhain
{European Commission, 1996). For inost organic chemicals uptake from water (bioconcentration) is
believed to be the predominant route of uptake. Only for very hydrephobic substances does uptake
from food becomes important. Also, the harmonised classification criteria use the bioconcentration
factor (or the octanol/water partition cocfficient) as the measure of the potential for
bicaccummulation. For thesc reasons, the present guidance docuinent only considers bioconcentration
and does not discuss uptake via food or other routes.

187, Classification of & chemical substance is primarily based on its intrinsic properiies.
Howcver, the degree of bioconcentration also depends on factors snclr as the degrec of
bicavailability, tlie physiology of test organism, maintenance of constant exposurc concentration,
exposurc duration, metabolism inside the body of ilie target organism and cxeretion firom the body.
The interpretation of the bioconcentration potential in a chemical classification context therefore
requires an evaluation of the intrinsic propesties of the substance, as well as of the experimental
conditions under which bioconcentration factor {BCF) has been determined. Based on the guide, a
decision scheme for application of bioconcentration data or log K, data for classification purposes
has been developed. The emphasis of the present chapter is organic substances and organo-metals.
Bioaccumulation of metals is also discussed in Clapter 7.

188. Data on bioconcentration properties of a substance may be available from standardised
tests or may be estimated from the structure of the molecule. The interpretation of such
bioconcentration data for classification purposes often requires detailed evaluation of test data. In
order to facilitate this evaluation two additional annexes are enclosed. These annexes describe
available methods {Annex 3.1} and factors influencing the bioconcentration potential (Annex 5.1E).
Finally, a list of standardised cxperimeital methods for determination of bioconcentration and Kew
are attached {Annex 5 .III) together with a list of references (Annex 5.1V).

5.2 INTERPRETATION OF BIOCONCENTRATION DATA

189, Environmental hazard classification of a chemical substance is nonmnally based on existing
data o1 its environmental propertics. Test data will only seldom be produced with the main purpose
of facilitating a classification. Often & diverse rangc of test data is available which docs not
necessarily match the classification criteria. Conscquently, guidance is necded on interpretation of
cxisting fost data in the context of hazard classification.

190. Bioconcentration of an organic substance can be experimentally defermined in
bioconcentration ¢xperiments, during which BCF is mecasured as the concenfration in the organism
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relative to the concentration in water under steady-state corditions and/or estimated from the uptake
rate constant (k;) and the elimination rate constant (&2) (OECD 305, 1996). In general, the potential
of an organic substance to bioconcenfrate is primarily related to the lipophilicity of the substance. A
measure of lipophilicity is the n-octanol-water partition coefficient (K.,) which, for lipophilic non-
jonic organic substances, utidergoing minimal metabolism or biotransformation within the organism,
is correlated with the bioconcentration factor. Therefore, K, is often used for estimafing the
bioconcentration of organic substances, based on the empirical relationship between log BCF and
log Ko For most organic substances, estimation methods are available for calculating the Kq.
Data on the bioconcentration propertics of a substance may thus be (1) experimentally determined,
(2) estinated from experimentally determined K., or (3) estimated from K., values derived by use
of Quantitative Structure Activity Relationships (QSARSs). Guidance for interpretation of such data
is given below together with guidance on assessment of chemical categories, which need special
attention.

5.2.1  Bioconcentration factor (BCF)

191. The bioconcentration factor is defined as the ratio on a weiglit basis between the
concentration of the chemical in biota and the concentration in the swrounding medium, liere water,
at steady state. BCF can thus be experimentally derived under steady-state conditions, on the basis
of ineasured concentrations. However, BCF can also be calculated as the ratio between the first-
order uptake and eclimination ratc constants; a method which docs not require equilibrium
cenditions.

192, Different test guideliues for the experimental determination of bioconcentration iu fish
have been decumented and adopted, the nmost generally applicd being the OECD test guideline
(OECD 303, 1996).

193, Experimentally derived BCF values of high quality are ultimately preferred for
classification purposes as such data override surrogate data, e.g., Kow.

194. High quality data are defined as data where the validity criteria for the test method applied
are fulfilled and described, e.g., maintenance of constaut exposure conceuration; oxygen and
terperature variations, and documentation that steady-state conditions have been reached, etc. The
experiment will be regarded as a high-quality study, if a proper description is provided (e.g., by
Good Laboratory Practice (GLP)) allowing verification that validity criteria are fulfilled. In
addition, an appropriate analytical method must be used to quantify the chemical and its toxic
metabolites in the water and fish tissue (see Annex | for further details).

195, BCF values of low or uncertain quality may give a false and too low BCF value; ¢.g.,
application of measured conceutrations of the test substance in fish and water, but measured after a
too shiort exposure period in which steady-state conditions have not been reached (cf. OECD 306,
1996, regarding cstimation of time to equilibrium). Therefore, such data should be carefully
cvaluated before use and consideration should be given to using K., instead.

196, If therc is no BCF value for fisl specics, high-quality data on the BCF value for other
species may be used (e.g., BCF determined on blue mussel, oyster, scallop (ASTM E 1022-94)).
Reported BCFs for microalgac should be used with caution.

197. For highly lipopliilic substances, c.g., with log X, above 6, cxperinieatally derived BCF

values teud to decrcase with increasing log K,,. Conceptual explanations of this noo-linearity
mainly refer to either reduced membrane permeation kinetics or reduced biotic lipid selubility for
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large molecules. A low bioavailability and uptake of these substances in the organism will thus
occur. Other factors comprise experimental artefacts, such as equilibrium not being reached,
reduced bioavailability due fo sorption to organic matter in the aqueous phase, and analytical errors.
Special care should thus be taken when evaluating experimental data on BCF for highly lipophilic
substances as these data will have a much higher level of uncertainty than BCF values determined
for less lipophilic substances.

BCF in different test species

198, BCF values used for classification are based on whole body measurements. As stated
previously, the optimal data for classification are BCF values derived using the OECD 3035 test
method or internationally equivalent methods, which uses small fish. Due to the higher gill surface
to weight ratio for smaller organisms than larger organisis, stcady-state conditions will be reached
sooner in smaller organisms than in larger ones. The size of the organisms (fish) used in
bioconcentration snidies is thus of considerable importance in rclation to the time used in the uptake
phase, when the reported BCF value is based solely on measured concentrations in fish and water at
steady-state. Thus, if large fish, e.g., adult salmon, have been uscd in bioconcentration studies, it
shouid be evaluated whether the uptake period was sufficiently long for steady state to be veached or
te allow for a kinetic uptake rate cons{ant to be determined precisely.

199, Furthermore, when using existing data for classification, it is possible that the BCF values
could be derived from scveral different fish or other aguatic speeics (e.g., clams) and for different
organs in the fish. Thus, to compare these data to each other and to the criteria, some common basis
or normalisation will be required. It has been noted that there is a close refationship between the
lipid content of a fish or an aquatic organism and the obscrved BCF value. Therefore, when
comparing BCF values across different fish species or wlien converting BCF values for specific
organs to whole body BCFs, the common approeach is to express the BCF values on a commeon lipid
content. If e.g,, whole body BCF values or BCF values for specific organs are found in the
literarure, the first step is to calculate the BCF on a % lipid basis using the relative content of fat in
the fish (cf. literature/test guideline for typical fat content of the test species} or the organ. In the
second step the BCF for the whole body for a typical aquatic organism (i.e., small fish} is calculated
assuming a conunon default lipid content. A default value of 5% is most cormmonly used {Pedersen
et al., 1995} as this represents the average lipid content of the small fish used in OECD 305 (1996).

200. Generally, the highest valid BCF value expressed on this comunon lipid basis is used to
detennine the wet weight based BCF-value in relation to the cut off value for BCF of 500 of the
harmonised classification criteria.

Use of radiolabelled substatices

201. The use of radiolabelled test substances can facilitate the analysis of water and fish
samples. Flowever, unless combined with a specific analytical method, the total radioactivity
measurements potentially reflect the presence of the parent snbstance as well as possible
metabolite(s) and possible metabolised carbon, which have been incorporated in the fish tissue in
organic molecules. BCT values determined by use of radiolabelled test substanees are therefore
norinally overcstimated.

202. When using radiolabelled substances, the labeiling is imost often placed in the stable part
of the molecule, for which reasen the measured BCF value includes the BCFE of the metabolites. For
some substances it is the metabolite which is the most toxie and which has the highcst
bioconcentration potential. Measurements of the parent substance as well as the metabolites may
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thus be important for the interpretation of the aquatic hazard (including the bioconcentration
potential) of such substances.

203, In experiments where radiolabelled substances have been used, ligh radiolabel
concentrations are often found in the gall bladder of fish, This is interpreted to be caused by
biotransforniation in the liver and subsequently by excretion of metabolites in the gall bladder
(Comnotto ef al., 1979; Wakabayashi ef al., 1987; Goodrich er al., 1991; Toshima et af., 1992). When
fish do not ea, the content of the gall bladder is not emptied inte the gut, and high concentrations of
metabolitcs may build up in the gall bladder. Tlic feeding reginic mnay thus have a pronounced
effect on the measured BCF, In the literature many studies are found where radiolabelled
compounds arc used, and where the fish are not fed. As a result high concentrations of radioactive
material arc found in the gall bladder. In these studies the bioconcentration may in most cases have
been overestiniated. Thus when evaluating cxperiments, in which radiolabelled compounds are used,
it is essential to evaluate the feeding regime as well.

204. If the BCF in terms of radiolabelled residues is documeunted to be = 1000, identification
and quantification of degradation products, representing 2 10% of total residues in fish tissues at
steady-state, are for e.g., pesticides strongly recommended in the QECD guideline No. 305 (1996).
If ne identification and quantification of metabolites are available, the assessment of
bioconcentration should be based on the measured radiolabelled BCF value, If, for highly
bisaccumulative substances (BCF 2 500), only BCFs based on the parent compound and on
radiolabelled nieasureinents are available, the latter should thus be used in relation to classification.

5.2.2 Octanol-water-partitioning coefficient (K,u}

205, For organic substances experiientally derived high-guality Ko values, or values which
are gvaluated in reviews and assigned as the “recommended values™, are preferred over oflier
deterniinations of K When no experimental data of high guality are available, validated
Quantitative Structure Activity Relationslips (QSARS) for log Kow niay be used in the classification
process. Such validated QSARs may be used without modification to the agreed criteria if they are
restricted to chemicals for which their applicability is well characterised. For substances like strong
acids and bases, substances which react with the eluent, or surface-active substaiices, a QSAR
estimated value 0f K, oran estimate based on individual #-octanol and water solubilities should be
provided instead of an analytical determination of K, (EEC A.8, 1992; OECD 117, 1989),
Measurements should be taken on ionizable substances in their non-ionised form (free acid or free
base) only by using an appropriate buffer with pH below pX for free acid or above the pK for free
base,

Experimental determination of K,,,

206. For experimental determination of K, values, several different methods, Shake-flask, and
HPLC, are described in standard guidelines, e.g., OECD Test Guideline 107 (1995); OECD Test
Guideline 117 (1989); EEC A.8. (1992); EPA-OTS (1982); EPA-FIFRA (1982); ASTM (1993); the
pH-metric method {OECD Test Guidcline in preparation). The shake-flask nisthed is recommended
when the log K, value falls within the range from -2 te 4, The shake-flask method applies only to
essential pure substances soluble in water and n-octanol, For highly lipophilic substances, which
slowly disselve in water, data obtained by employing a slow-stiing mcthod are generally more
rcliable. Furthermore, the experimental difficulfics, associated with the formation of microdroplets
during the shakc-flask experiment, can to somc degree be overcome by a slow-stitring method
wlicre water, octanol, and test colupound are equilibrated in a gently stirred reactor. With the slow-
stiring method (OECD Test Guideline in preparation) a precisc and accurate detcrmination of Koy,
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of compounds with log K, of up te 8.2 is allowed (OECD draft Guideline, 1998). As for the shake-
flask method, the slow-stirring method applies only to essentially pure substances soluble in water
and r-octanol. The HPLC method, which is performed on analytical columns, is recommended
when the log Koy value falls within the range 0 to 6, The HPLC methed is less sensitive to the
presence of impurities in the test compound compared to the shake-flask method. Another
technique for measuring log Koy is the generater column method (USEPA 1985).

207. As an experimental determination of the K., is not always possible, e.g., for very water-
soluble substances, very lipophilic substances, and surfactants, 2 QSAR-derived K, may be used.

Use of QSARs for determination of log K,

208. When an estinated Koy valie is found, the estimation method has to be taken into account.
Numerous (QSARs have been and continue te be developed for the estimation of K. Four
commercially available PC programmes (CLOGP, LOGKOW (KOWWIN}, AUTOLOGP, SPARC)
are frequently used for risk assessment if ne experimentally derived data are available. CLOGP,
LOGKOW and AUTOLOGP are based upen the addition of group contributions, while SPARC is
based upon a more fundamental chemical structure algorithm. Only SPARC can be employed in 2
general way for inorganic or organemetallic compounds, Special methods are needed for estimating
log K, for surface-active compounds, chelating compounds and mixtures. CLOGP is recommended
in the US EPA/EC joint project on validation of QSAR estimation methods (US EPA/EC 1993},
Pedersen et al. (1995} recommended the CLOGP and the LOGKOW programmes for classification
purposcs because of their reliability, commercial availability, and convenience of use. The following
estimation methods are recommended for classification purposes (Table 1).

Table 1. Recommended QSARs for estimation of Ky

Some surfactants (e.g., alcohol ethoxylates, dyestuffs, and
dissociated substances may be predicted by the program as
well,

AUTOLOGP |>5 The programume calculates log Ky, for organic compounds
containing C, H, N, O, Hal, P and S. Improvements are in
progress in order to extend the applicability of

Y
MODEL Log K, range Substance ufility
CLOGP <0->9' Tlhe program calculates log K, for erganic compounds
containing C, H, N, O, Hal, P, and/or S.
LOGKOW 4-8 The program calculates log K, for organic compounds
(KOWWIN} centaining C, H, N, O, Hal, 8i, P, Se, Li, Na, K, and/or Hg.

. AUTCLOGP,
SPARC Provides improved SPARC is a mechanistic model based on chemieal
results over thermodynamie principles rather than a deterministic
KOWWIN and model rooted in knowledge obtained from observational
CLOGP for data. Therefore, SPARC differs from models that use

compounds with log | QSARs (i.c., KOWWIN, CLOGP, AUTOLOGP) in that no

chemicals, Only SPARC can be emnployed in a general way
for inorganie or erganometallic compounds.

136

Kow = 5. measured log K, data arc needed for a training set of
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1} A validation study performed by Niemeld, whe compared experimental determined log Ko
values with estimated values, showed that the program precisely predicts the log K, for a great
number of organic chemicals in the log K, range from below 0 to above 9 (n = 501, 12 = 0.967)
(TemaNord 1995: 581).

2} Based on a scatter plot of estimated vs. experimental log K., {Syracuse Research Corporation,
1999}, where 13058 compound have been tested, the LOGKOW is evaluated being valid for
compounds with a log K, in the intervai -4 - 8.

53 CHEMICAL CATEGORIES THAT NEED SPECIAL ATTENTION WITH
RESPECT TO BCF AND X,,, VALUES

209. There are certain plysico-chemical properties, which can make the determination of BCF
or its measurement difficuit. These may be substances, which de not bioconcentrate in a manner
consistent with their other physico-chemical properties, e.g., steric hindrance or substances which
make the use of descriptors inappropriate, e.g., surface activity, whicl: makes both the measureinent
and use of log K., inappropriate.

5.3.1 Difficult substances

210, Scome chemical substances are difficult to test in aquatic systems and guidance has been
developed to assist i testing these materials {DoF, 19%6; ECETOC 1996; and US EPA 1996).
OECD is in the process of finalising a guidance docament for the aquatic testing of difficalt
substances (OECD, 2000). This latter document is a good source of information, also for
bioconcentration studies, on the types of substances that are difficult to test and the steps needed to
enrsure valid conclusions from tesis with these substances. Difficult to test substances may be poorly
soluble, volatile, or subject to rapid degradation due o such processes as phototransformation,
hydrolysis, oxidation, or biotic degradation.

211, To bioconcentrate organic conmpounds, a substance neads to be soluble in Hipids, present in
the water, and available for transfer across the fish gills. Properties whicl alter this availability will
thus cliange the actual bioconcentration of a substance, when compared with the prediction. For
example, readily biodegradable substances may only be present in the aguatic compartment for short
periods of time. Similarly, volatility, and hydrolysis will reduce the cencentration and the time
during which a substance is available for bicconcentration. A further important parameter, which
may reduce the actual exposure concentration of a substance, is adsorption, either to particulate
matter or to surfaces in general. There are a number of substances, which have shown te be rapidly
transformed in the organism, thus leadinrg to a lower BCF value than expected. Substances that form
micelies or aggregates may bioconcentrate to a lower extent than would be predicted from simple
physico-chemical properties. This is also the case for hydrophobic substances that are contained in
micelles formed as a consequence of the use of dispersants. Therefore, the use of dispersants in
bigaccimulation tests is discouraged.

212, In general, for difficult to test substances, measured BCF and K, values — based on the
parent substance — are a prerequisite for the determination of the bioconcentration potential.

Furthermore, proper documentation of the test concentration is a prerequisite for the validation of
the given BCF value.

5.3.2  Poorly soluble and complex suhstances

213, Special attention should be paid to poorly soluble substances. Frequently the solubility of
these substances is recorded as less than the detection limit, which creates problems in interpreting
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the bioconcentration potential. For such substances the bioconcentration potential should be based
on experimental determination of log K, or QSAR estimations of log K.

214. When a multi-component substance is not fully soluble in water, it is important to aitempt
to identify the components of the mixture as far as practically possible and to examine the
possibility of determining its bioaccumulation potential using available information on its
components. When bioaccumulating components constitute a significant part of the complex
substance {e.g., more than 20% or for hazardous components an even lower content}, the complex
substance should be regarded as being bicaccumulating.

533 High molecular weight substances

215, Above certain molecular dimensions, the potential of a substance to bioconcentrate
decreascs. This is possibly due to steric hindrance of the passage of the substance through gill
membranes. It has been proposcd that a cut-off limit of 700 for the molecular weight could be
applicd {e.g., European Commission, 1996). However, this cut-off has been subject to eriticismand
an alternative cut-off of 1000 has been proposed in relation to exclusion of consideration of
substances with possible indirect aquatic effeets (CSTEE, 1999). In general, bioconcentration of
possible metabolites or environmental degradation products of large molecules should be
considered, Data on bioconcentration of molecules with a high molecular weight should thercfore
be carefully ¢valuated and only be used if such data are considered to be fully valid in respect to
both the parent compound and its possible metabolites and environmental degradation products.

53.4 Surface-active agents

216.  Surfactants consist of a lipophilic (most often an alkyl chain) and a hydrophilic part {the
polar headgroup). According to the charge of the hecadgroup, surfactants are subdivided into
categorics of anionic, cationic, non-jonic, or amphoteric sirfactants. Due to the varicty of different
licadgroups, surfactants are a structurally diverse catcgory of compounds, which is defined by
surface activity rather than by chemical structure. The bioaccumulation potential of surfactants
should thus be considered in relation to the different subcategories {anionic, cationic, non-ionic, or
amplioteric) instead of to the group as a whole, Surface-active substances may forin emulsions, in
which tlie bioavailability is difficult to ascertain. Micelle formation can result in 2 change of the
bivavailable fraction even when the solutions are apparently formed, thus giving problems in
interpretation of the bioaccuniulation potential.

Experimentaily derived bipconcentration factors

217, Measured BCF values on surfactants show that BCF may increase with increasing alkyl
chain length and be dependant of the site of attachment of the head group, and other structural
features.

Octanol-water-partition coefficient (K,,)

218. The octanol-water partition coefficicnt for surfactants can not be determined using the
shake-flask or slow stirring methiod because of the formation of emulsions, In addition, the
surfactant molecules will ¢xist in the water phase almost exclusively as ions, whereas they will have
to pair with 2 cowter-ion in order to be dissolved in octanol. Therefore, expenimental determination
of K4 docs not chiaracterise the partition of ionic surfactants {Tells, 1998). On the other hand, it has
been shown that the bioconcentration of anionic and non-ionic surfactants increases with increasing
lipophilicity {Tolls, 1998). Tolls {1998} showed that for somc surfactants, an estimated log K.
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value using LOGKOW could represent the bioaccumulation potential; however, for other surfactants
some ‘correction’ to the estimated log K., value using the method of Roberts (1989) was required.
These results illustrate that ilie quality of the relationship between log K, estimates and
bioconcentration depends on the category and specific type of surfactants involved, Therefore, the
classification of the bioconcentration potential based on log K values should be used with caution.

54 CONFLICTING DATA AND LACK OF DATA

54.1 Conflicting BCTI" data

219, In situations where multiple BCF data are available for the same substauce, the possibility
of conflicting resufts might arise, In general, conflicting results for a substance, which has been
tested several times with an appropriate bioconceniration test, should be interpreted by a “weight of
evidence appreach™. This implies that if experimental determined BCF data, both = and < 500, have
been obtained for a substance the data of the highest quality and witl1 the best documentation should
be used for determining the bioconcentration potential of the substance. If differences still remain,
if e.g., high-quality BCF values for different fish specics are available, generally the highest valid
value sliould be used as the basis for classification.

220, When larger data sets (4 or more values) are available for the same species and life stage,
the geometric mean of the BCF values may be used as the representative BCF value for that species.

5.4.2 Conflicting log K, data

221. The situations, where multiple log K. data are available for the same substance, the
possibility of conflicting results might arise. If log Kuw data both 2 and < 4 have been obtained fora
substance, then the data of the lighest quality and the best documentation should be used for
determining the biocoucentration potential of the substance. If differences still exist, generally the
highest valid value should take precedence. In sucl situation, QSAR estimated log K. could be
used as a guidance.

543 Expert judgement

222, If no experimental BCF or log K, data or no predicted log K, data are available, the
potential for bioconcentration in the aquatic environment may be assessed by expert judgement.
This may be based on a comparison of the structure of the molecule with the structure of other
substances for wlich experimental bioconcentration or log K, data or predicted K, are available.

55 DECISION SCHEME

223, Based on the above discussions and conclusions, a decision scheme lias been elaborated
which 1nay facilitate decisions as to whether or not a substance lias the potential for
bioconcentzation in aquatic spccics.

224. Experinentally derived BCF values of high quality arc ultimately preferred for
classification purposes. BCF values of low or uncertain quality should not be used for classification
purposcs if data on log K, are availablc because they may give a false and too low BCF value, c.g,,
due to a too short exposure period in which steady-state conditions havc not been reached. If no
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BCF is available for fish species, high quality data on the BCF for other species {e.g., mussels) may
be used.

225. For organic substances, experimentally derived high quality K, values, or values which
are evalvated in reviews and assigned as the “recommended values”, are preferred. I no
experimentaily data of high quality are available validated Quantifative Structure Activity
Relationships (QSARs) for log K, may be used in the ¢lassification process. Such validated
QSARs may be used without modification in relation to the classification criteria, if restricted to
chemicals for which their applicability is well characterised. For substances like strong acids and
bases, metal complexes, and surface-active substances a QSAR estimated value of K, or an
estimate based on individual r-octanol and water solubilities should be provided instead of an
analytical determination of K.

226, If data are available but not validated, expert judgement should be used.

227. ‘Whether or not a substancc has a potential for bioconcentration in aquatic organisms could
thus be decided in accordance with the following scheme:

Valid/high quality experimentally determined BCF valuc > YES:
<> BCF 2 500: The substance has a potential for bloconcentration
>BCF < 500: The snbstance does not have a petential for bioconcentration

Valid/high quality experimentally determined BCF value > NO:
> Validhigh quality experimentally determined log K, value = YES:
=2 log Koy 2 4: The substance has a potential for bioconcentration
> log K., <4: The substance does not have a potential for bioconcentration

Valid/high quality experimentally determined BCF value = NQO:
- Valid/high quality experimentally determined log Kqy value 2 NO:
< Use of validated QSAR for estimating a log K, value 2 YES:
2 log Ko 2 4: The substance has a potential for Boconcentration
> log Ko <4: The substance does not kave a potential for bioconcentration
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ANNEX 5.1

BASIC PRINCIPLES OF THE EXPERIMENT AL AND ESTIMATION METHODS FOR
DETERMINATION OF BCF AND K, OF ORGANIC SUBSTANCES

1. BIOCONCENTRATION FACTOR (BCF)

228, The bicconcentration factor is defined as the ratio between the concentration of the
chemical in biota and the concentration in the surrounding mediun, here water, at steady state, BCF
can be measured experimentally directly under steady-state conditions or calculated by the ratio of
the first-order uptake and climination rate constants, a method that does not require equilibrium
conditions.

1.1 Appropriate methods for experimental determination of BCF

229, Different test guidelines for the experimental determination of bioconcentration in fish
have been documented and adopted; the most gencrally applicd being the OECD test guideline
(OECD 305, 1996) and the ASTM standard guide (ASTM E 1022-94). OECD 305 (1996) was
revised and replaced the previous versien OECD 305A.E, (1981). Although flow-through test
regimes are preferred (OECD 305, 1996), semi-static regimes are allowed (ASTM E 1022-64),
provided that the validity criteria on ortality and maintenance of test conditions are fulfilled. For
lipophilic substances (log Kow > 3), flow-through methods are preferred.

230. The principles of the QECD 305 and the ASTM guidelines are similar, but the
experimental conditions deseribed arc different, especially concerning:

method of test water supply (static, semi-static or flow through)

the requirement for carrying out a depuration study

the mathematical method for calculating BCF

sanipling frequency: Number of measurements in water and number of samples of fish
requirctzent for measuring the lipid content of the fish

the minimum duration of the uptake phase

231. In general, the test consists of two phases: The exposure (uptake) and post-exposure
(depuration) phases. During the uptake phase, separate groups of fish of one species are exposed to
at least two concentrations of the test substance. A 28.day exposure phase is obligatory unless a
stcady statc has been reached within this peried. The time needed for reaching stcady-state
cenditions may be set on the basis of Ko — &7 correlations (e.g., log iz = 1.47 - 0.41 log Ko (Spacie
and Hamelink, 1982) orleg &, = 1.69 — 0.53 log K, (Gobas ef al., 1989)). The expected time {d)
for e.g., 95% steady state may thus be caleulated by: -In(1-0935)k; provided that the
bioconcentration follows first order kineties. During the depuration phase the fish are transferred to
2 medium free of the test substance. The concentration of the test substance in the fish is followed
through both phases of the test. The BCF is expressed as a function of the total wet weight of the
fish. As for many organic substances, there is a significant relationship between the potential for
bioconcentration and the lipophilicity, and furthermore, there is a corresponding relationship
between the lipid content of the test fish and the obscerved bioconcentration of sich substances.
Therefore, to reduce tlus sonrce of variability in the test results for the substances with high
lipophilicity, bicconcentration should be expressed in relation to the lipid content in addition to
whole body weight (OECD 305 (1996), ECETOC (1993)). The guidelines mentioned are based on
the assumption that bioconcentration may be approximated by a first-order process (one-
compartment medel) and thus that BCF = k/k; (k;: first-order uptake rate, k. first-order depuration
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rate, described by a fog-linear approximation). 1f the depuration follows biphasic kineties, i.c., two
distinct depuration rates can be identified, the approximation £/, may significantly underestimate
BCF. If a second order kinetic has been indicated, BCF may be estimated from the relation:
Corin/ Cwater, provided that “steady-state™ for the fish-water system lias been reached.

232. Together with details of sample preparation and storage, an appropriate analytical method
of known accuracy, precision, and sensitivity must be available for the quantification of the
substance i the test solotion and in the biological material. If these are lacking it is impossible to
determine a iruc BCF. The use of radiolabelled test substance can facilitate the analysis of water
and fish samples. However, unless combined with a specific analytical metheod, the total
radioactivity measurements potentially reflect the presence of parent substance, possible
metabolite(s), and possible metabolised carbon, which liave been incorporated in the fish tissue in
orgauic molecules. For the deterinination of a true BCF it is essential to clearly discriminate the
parent substance from possible metabolites, [f radiolabelled materials are used in the test, it is
possible to analyse for total radio label {i.e., parent and metabolites) or the sainples may be purified
so that the parent compound cau be analysed separately.

233, In the log K, range above 6, the incasured BCF data tend to decrease with increasing log
Kow- Conceptual explanations of nou-linearity mainly refer to either biotransformation, reduced
membrane permeation kinetics or reduced biotic lipid solubility for large molecules. Other factors
consider experimental artefacts, such as equilibrium uot being reached, reduced bicavailzbility due
to sorption to organic inatter in the aqueous phase, and analytical etrors. Moreover, care should be
taken when evalnating experimental data on BCF for substanecs with log ¥, above 6, as these data
will have a much higher level of uncertainty than BCF values determined for substances with log
K,w below 6,

Y LOG Ko

234, The log n-cctanol-water partition coefficient (log K») is a measure of the lipophilicity of a
substance. As such, log K, is a key parameter in the assessment of environmental fate, Many
distribution processes are driven by log K., .g., sorption to soil and sediment and biocencentration
in organisms.

235, The basis for the relationship between bioconcentration and log K., is the analogy for the
partition: process between the lipid phase of fish and water and the partition process between n-
octanol and water. The reason for using K ariscs from the ability of octanol to act as a satisfactory
surrogate for lipids in fish tissue, Highly significant relationships between log K., and the solubility
of substances in cod liver oil and friolin exist (Niimi, 1991). Triolin is cue of the most abundant
triacylglycerols found in freshwater fish lipids (Henderson and Tocher, 1987).

236. The detcrmination of the m-oetanol-water partition coefficient {K,,) is a reqnirement of the
basc dala sct to be subinitted for notified new and priority cxisting substances within the EU. As the
experimetttal detennination of the K. is not always possible, c.g., for very water-soluble and for
very lipophilic substances, 2 QSAR derived K., may be used. However, extreme caution should be
cxercised when using QSARs for substances where the experimental determination is not possible
(as for ¢.g., surfactants).

2.1 Appropriate methods for expcrimental determination of K,,, values
237, For cxperiinental detennination of X, valucs, twe different inethods, Shake-flask and

HPLC, have been described in standard guidelines e.g., OECD 147 (1995); OECD 117 {1983); EEC
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A 8. (1992), EPA-OTS (1982); EPA-FIFRA (1982); ASTM (1993}. Not only data obtained by the
employment of the shake-flask or the HPLC metliod according to standard guidelines are
recommended. For highly lipophilic substances, wlich are slewly soluble in water, data cbtained by
empleying a slow-stirring method are generally more reliable (De Bruijn et af., 1989; Tolls and
Sijni, 1993; OBECD draft Guideline, 1998). Tlie slow stirring method is currently being ringtested
for development of 2 final OECD guideline.

Shake-flavk methiod

238. The basic principle of the method is to measure the dissolution of the substance in two
different phases, water and #-octanol. In order to determine the partition coefficient, equilibrium
between all interacting components of the systemn must be achieved after which the concentration of
the substances disselved in the two phases is determined. The shake-flask metheod is applicable
when the log K, value falls within the range from -2 to 4 (OECD 107, 1995). The shake-flask
method applies only to essential pure substances soluble in water and »-octanol and should be
performed at a constant temperature (£1°C) in the range 20-25°C.

HPLC method

239. HPLC is performed on analytical columns packed with a commercially available selid
pliase containing long hydrocarbon chains {e.g., Cs, Cig) chemically bound onto silica. Chemicals
ijected onto such a column move along at different rates because of tlie different degrees of
partitioning between the wobile aqueous phase and the stationary hydrocarbon phase. The HPLC
method is not applicable to strong acids and bases, metals complexes, surface-active materials, ot
substances that react with the eluent. The HPLC method is applicable when the log K, value falls
within thie range 0 to 6 {OECD 117, 1989). The HPLC metliod is less sensitive to the presence of
nuparrities in the test compound cowupared to the shake-flask 1ncthod.

Stow stirring method

240. With the slow-stirring method a precise and accurate determination of K. of compounds
with log Ko, up till 8.2 is allowed (De Bruijn ef af.,, 1989). For highly lipophilic compounds the
shake-flask 1uethod is prone to produce artefacts (formation of microdroplets), and with the HPLC
method K,y needs to be extrapolated beyond the calibration range to obtain estimates of K.

241, I order to determine a partition coefficient, water, n-octanol, and test compound are
equilibrated with each other after whicli thie couceutration of the test conipound in the two phases is
determined. The experimental difficultics associated with the formation of microdroplets during the
shake-flask experiment can to some degree be ovetcome in the slow-stitring experiment as water,
octanol, and the test compound are equilibrated in a gently stirred reactor. The stirring creates a
more or less lanunar flow between the octanol and the water, and exchange between the pliases is
enhanced without ruicrodreplets being fornied.

Generator Colnmm Method

242, Another very versatile methiod for measuring log Koy is the generator column method. In
this method, a generator column method is used to partition the test substance between the octanol
and water phases. The column is packed with a solid support and is saturated with a fixed
concentration of the test substance in n-octanol. The test substance is eluted from the octanol -
saturated generator column with water. The aqueous solution exiting the column represents the
equilibrinm concentration of the test substangce that has partitioned from the octanol phase into the
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water phase. The primary advantage of the generator column niethod over the shake flask method is
that the former completely avoids the formation of nicro-emulsions. Therefore, this method is
particularly usefil for measuring K, for substances values over 4.5 (Doucette and Andren, 1987
and 1988; Shiu e! 4l., 1988) as well as for substances having log K, values less than 4.5. A
disadvantage of the generator column method is that it requires sophisticated equipment. A detailed
description of the generator column method is presented i the “Toxic Substances Control Act Test
Guidelines™ (USEPA 1985).

2.2 Use of QSARs for determination of log K, {See alse Chapter 6: Use of QSARs)

243, Numerous QSARs have becn and continue to be developed for the estimation of Koy
Commonly used methods are based on fragiment constants. The fragmental approaches are based on
a simple addition of the lipophilicity of the individval molecular fragmenis of a given molecuie.
Three commercially available PC programs are recommended in the European Commission’s
Technical Guidance Document (European Commission, [996) for risk assessment, part T, if no
experimentally derived data are available.

244 CLOGP (Daylight Chemical Information Systems, 1995} was initially developed for use in
drug design. The model is based on the Hansch and Leo calculation procedure {Hansch and Leo,
1979). The program cajculates log K. for organic compounds containing C, H, N, O, Hal, P,
and/or S. Log K, for salts and for compounds with formal charges cannot be calculated (except for
nitro compounds and nitrogen oxides). The calculation results of log K,y for ionizable substances,
like phenols, amines, and carboxylic acids, represent the neutral or unionised form and will be pH
dependent. In general, the program results in clear estimates in the range of log Kow between 0 and
5 (Furopean Commission, 1996, part IIl). However a validation study performed by Niemeli
(1993), who compared experimental determined log K. values with estimated values, showed that
the program precisely predicts the log Koy for a great number of organic chemicals in the log K.,
range from below 0 to above 9 (=501, 12=0.967). In a similar validation study on more than 7084
substances the results with the CLOGP-program (PC version 3.32, EPA version 1.2) were 12= .89,
s.d.=0.58, n=7221. These validations show that the CLOGP-program may be used for estimating
reliable log K, values when no experimental data arc available. For chelating compounds and
surfactants the CLOGP program is stated to be of limited reliability (QECD, 1993). However, as
regards anionic surfactants (LAS) a correction method for estimating adjusted CLOGP values has
been proposed (Roberts, 1989).

245, LOGKOW or KOWWIN (Syracuse Rescarch Corporation) nses structural fragments and
correction factors. The program calculates log K., for organic compounds containing the following
atoms: C, H, N, O, Hal, Si, P, Se, Li, Na, K, and/or Hg. Log Kg for compounds with formal
charges (like nitrogenoxides and nitro compounds) can alse be caleulated. The calculation of log
Kaw for ionizable substances, like phenols, amines and carboxylic acids, represent the neutral or
unionised form, and the values will thus be pH dependent. Some surfactants (c.g., alcohol
cthoxylates (Tolls, 1998), dyestuffs, and dissociated substances inay be predicted by the LOGKOW
program (Pedersen ef af, 1995). In general, the program gives clear estimates in the range of log
Kow between 0 and 9 (TemaNord 1993:581). Like the CLOGP-program, LOGKOW has been
validated (Table 2) and is reconmended for classification purposes because of its reliability,
commercial availabifity, and convenience of use.

244, AUTOLOGP (Devillers et ol., 1995) has been derived from a helerogeneous data set,

comprising 800 organic chemicals collected from literature. The program calculates log K, values
for organic chemicals containing C, H, N, O, Hal, P, and S. The log K, values of salts cannot be
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caiculated. Also the log K, of some compounds with formal charges cannot be calcuifated, with the
exception of nitro compounds. The log K., values of ionizabie chemicals like phenots, amines, and
corboxylic acids can be calculated although pH-dependencies should be noted. tmprovements ave in
progress in order to extend the applicability of AUTOLOGP. According to the presently available
information, AUTOLOGP gives accurate values especially for highly lipophilic substances {log K.
> 5} {European Commission, 1996).

247. SPARC. The SPARC model is still under development by EPA’s Euvironmental Research
Laboratory in Athens, Georgia, and is not yet public available. SPARC is a2 mechanistic model
based on chemical thermodynaric principles rather than a deterministic model rooted in knowledge
obtained from observational data, Therefore, SPARC differs from models that use Q8ARs (i.c.,
KOWWIN, LOGP) in that no measured log K, data are needed for a training set of chenscals.
EPA docs occasionally run the model for a list of CAS numbers, if requested. SPARC provides
improved results over KOWWIN and CLOGP only for compounds with log K, values greater than
5. Only SPARC can be employed in a geacral way for inorganic or organemetallic compounds.

248. In Table 2 an overview of log K. cstimation mcthods based on fragmentation

methodologies is presented. Also other methods for the estimation of log Ko, values exist, but they
should only be used on a case by case basis and only with appropriate scientific justification.
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Table 2 Overview of QSAR metheds for estimation of log K, based on fragmentation
methodelagies (Howard and Meylan (1997)).
Method Methodolesy Statistics
CLOGP Fragments + correction | Total n=8942, r2=0,917 sd =~ 0,482

Hansch and Leo
{1979), CLOGP

factors

Validation: n=50] r2=0,967
Validation: n=7221 12=(0,89 sd = 0,58

Daylight {1993)
LOGKOW 140 fragments Calibration: n=2430, 12=0,981 sd = 0,219 ne=0,161
{KOWWIN) 260 correction factors Validation: n=8855 r2=0,95 sd = 0,427 me = 0,327
Meylan and Howard
{1993), SRC
AUTOLOGP 66 atomic and group Calibration: n=800, r2=0,96 sd = 0,387
Devillers ef al. (1995) | contributions from
Rekker and Manhold
(1962)

SPARC
Under developmient

Based upon fundamental
chemical structure

No measured log Kow data are ueeded for a training
sct of chemicals.

by EPA, Athens, algorithm,

Georgia,

Rekker and De Kort | Fragments + correction | Calibration n~=1054, 12=0,99

(1979 factors Validation: n=20 r2=0,917 sd = 0,53 me = 0,40

Niemi et af. {1992)

MCI

Calibration n=2039, r2=0,77
Validation; n=2039 r2=0,49

Klopman et al {1994)

98 fragments +
correction factors

Calibration n=1663, 120,928 sd = 0,3817

Suzuki and Kudo 424 fragments Total: n=1686 me= 0,35

(1990 Validation: n=221 me = 0,49

Ghose er al. (1988) 110 fragments Calibration: 1=830, r2=0,93 sd = 0,47
ATOMLOGP Validation: n=125 r2=0.87 sd = 0,52

Bodor and Huang Molecule orbital Calibration: n=302, r2=0,96 sd = 0,31 me=024
{1992) Validation: n=128 sd = 0,38

Broto et al. {1984) 110 fragments Calibration; n=1868, me=ca. 0,4

ProLogP
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ANNEX 5.1F

INFLUENCE OF EXTERNAL AND INTERNAL FACTORS ON THE
BIOCONCENTRATION POTENTIAL OF ORGANIC SUBSTANCES

1. FACTORS INFLUENCING THE UPTAKE

249, The uptake rate for lipophilic compounds is mainly a function of the size of the organism
(Sijm and Linde, 1995). External factors such as the molecular size, factors influencing the
bioavailability, and different environmental factors are of great importance to the uptake rate as
well,

11 Size of organism

250. Since larger fish have a relatively lower gill surface to weight ratio, a lower uptake rate
constant (k) is to be expected for large fish comparcd to small fish (Sijm and Linde, 1995;
Opperhuizen and Sijm, 1990). The uptake of substances in fish is further controlled by the water
flow through the gills; the diffusion through aqueous diffusion layers at the gill epithelium; the
penueation through the gill cpithelinm; 1he rate of blood flow through the gills, and the binding
capacity of blood constituents (ECETOC, 1995).

L2 Molecular size

251. lonised substances do not readily penetrate membranes; as aqueous pH can influence the
substance uptake. T.oss of membrane permeability is expected for substances with a considerable
cross-sectional area (Opperhuizen ef af., 1985; Anliker ¢ al., 1988) or long chain length (> 4.3 nm)
(Opperhuizen, 1986). Loss of membrane permeability due to the size of the molecules will thus
result in total loss of uptake. The effect of moelecular weight on bioconcentration is due to an
influence on the diffusion coefficient of the substance, which reduces the uptake rate constants
(Gobas et af., 1986).

1.3 Availability

252. Before a substance is able to bioconcentrate in an organism it needs to be present in water
and available for transfer across fish gills. Factors, which affect this availability under both natural
and tcst conditions, will alter the actual bioconceniration in comparisen to the estimated value for
BCF. As fish are fed during bioconcentration studies, relatively high coucentrations of dissolved
and particulate organic matter may be expected, thus reducing the fraction of chemical that is
actually available for direct uptake via the gills. McCarthy and Jimenez (1985) have shown that
adsorption of lipophilic substances to dissolved hurnic materials reduces the availability of the
substance, the more lipophilic tlie substance the larger reduction in availability (Schrap and
.Opperhuizen, 1990). Furthermore, adsorption to dissolved or particulate organic matter or surfaces
in geneml may interfere during the measurement of BCF (and other physical-chemical properties)
and thus make the determination of BCF or appropriate descriptors difficult. As bicconcentration in
fish is directly correlated with the available fraction of the chemical in water, it is necessary for
highly lipophilic substances to keep the available concentration of the test chemical within relatively
narrow limits during the uptake period.

253, Substances, which are readily biodegradable, may only be present in the test water for a
short perdod, and bioconcentration of these substances may thus be insignificant. Similady,
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volatility and hydrolysis will reduce the concentration and time in which the substance is available
for bioconcentration,

14 Environmental factors

254, Envirenmental parameters influencing the physiology of the organism may also affect the
uptake of substances. For instance, when the oxygen content of the water is lowered, fish have to
pass more water over their gills in order to meet respiratory demands (McKim and Goeden, 1982).
However, tliere may be species dependency as indicated by Opperhuizen and Schrap (1987). It has,
furthermore, been shown that the teiperature may have an influence on the nptake rate constant for
lipophilic substances (Sijm ez af. 1993), wlereas other authors have not found any consistent effect
of temperature changes (Black ez af. 1991).

2 FACTORS INFLUENCING THE ELIMINATION RATE

255, The elimination rate is mainly a function of the size of thic organism, the lipid content, the
biotransformation process of the organism, and the lipophilicity of the test compound.

2.1 Size of organism

256, As for the uptake rate the elimination rate is dependent on the size of the organism. Due to
the higher gill surface to weight ratio for small organisms (e.g., fish larvae) than that of large
organisms, steady-state and thus *“toXic dose equilibrium™ has shown to be reached sconer in early
life stages than in juvenile/adult stages of fish (Petersen and Kristensen, 1998). As the time needed
to reach steady-state conditions is dependent on A, the size of fish used in bioconcentration studies
has thus an important bearing on the time required for obtaining steady-state conditions.

22 Lipid content

257, Due to partitioning relationships, organisms with a high fat content tend to accunulate
higher concentrations of lipophilic substances than lean organisms under steady-state conditions.
Body burdens are therefore often higher for "fatty™ fish such as eel, compared to “lean” fish such as
cod. [n addition, lipid “pools™ may act as storage of highly lipophilic substances. Starvation or other
physiological changes may change the lipid balance and release such substances and result in
delayed impacts.

23 Metabolism

258. In general, metabolisn1 or biotransformation leads to the conversion of the parent
compound into more water-sohible metabolites. As a result, the more liydrophilic metabolites may
be more easily excreted from the body than the parent compound. When the chemical structure of a
compound is altered, many properties of the compound are altered as well. Consequently the
metabolites will behave differently within the organism with respect to tissue distribution,
bioaccumulation, persistence, and route and rate of excretion. Biotransformation may alse alter the
toxicity of a compound. This change in toxicity may either be beneficial or harmfial to the
organism. Biotransformation may prevent the concentration in tlie organism from beconiing so high
that a toxic response is expressed (detoxification). However, a metabolite may be formed wlich is
more toxic than the parent compound (bioactivation) as known for e.g., benzo(a)pyrene.

259, Terrestrial organisms have a developed biotransformation systeni, which is generally
better than that of organisms living in the aquatic environment. The reason for this difference may
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be the fact that biotransformation of xenobiotics may be of minor importance in gill breathing
organisms as they can relatively easily excrete the compound into the water (Van Den Berg er al.
1995). Conceming the blotransformation capacity in aquatic organisms the capacity for
biotransformation of xenobictics increases in general as follows: Molluscs < crustaceans < fish
(Wofford et 4/, 1981).

3. LIPOPHILICITY OF SUBSTANCE

260. A negative linear correlation between k; (depuration constant) and log Ko, (or BCF) has
been shown in fish by several authors (e.g, Spacie and Hamelink, 1982; Gobas ef al., 1989;
Pctersen and Kristensen, 1998), whereas k; (uptake rate constant} is mere or less independent of the
lipophilicity of the substance (Connell, 1990), The rcsultant BCF will thus generally increase with
increasing lipophilicity of the substances, i.e., log BCF and leg K,y comelate for substances which
do not undergo cxtensive mctabolism.
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ANNEX 5.1
TEST GUIDELINES

261. Most of the guidelines mentioned are found in compilations from the organisation issuing
them. The main references to these are:

s EC guidelines: Eurepean Commission (1996). Classification, Packaging and Labelling
of Dangerous Substances in the European Union, Part 2 — Testing Methods. European
Coinmission. 1997, 1SBN92-828-0076-8. (Homepage: http:/fecb.eijre.it/testing-
methods);

e IS0 guidelines: Available from the national standardisation organisations or ISO
(Homepage: hitp://www.iso.ch/);

e« OECD guidelines for the testing of chemicals. OECD. Paris. 1993 with regular
updates (Homepage: http//www.oecd.org/ehs/test/testlist. htm);

s  OPPTS gunidelines: US-EPA’s homepage:

http:/fwww.epa.goviopptsfis/home/guidelin itin;
s  ASTM : ASTM's homepage: http://www.astm.org. Further search via “standards”.

ASTM, 1993. ASTM Standards on Aguatic Toxicology and Hazard Evaluation. Sponsored by
ASTM Committee E-47 on Biological Effects and Environmental Fate. American Society for
Testing and Materials. 1916 Race Street, Philadelphia, PA 19103. ASTM PCN: 03-347093-16.,
ISBN 0-8032-1778-7.

ASTM E 1022-94. 1997. Standard Guide for Condueting Bioconcentration Tests with Fishes and
Saltwater Bivalve Molluscs. American Society for Testing and Materials.

EC, 1992, EC A.8. Partition cocfficient. Anncx V (Directive 67/348/EEC). Methods for
determination of physico-chemical properties, toxicity and ccotoxicity.

EC, 1998. EC.C.13 Bioconcentration: Flow-through Fish Test.

EPA-OTS, 1982, Guidelines and support documents for environmental effects testing. Chemical fate
test guidelines and support documents. United States Envirommental Proteetion Agency. Office of
Pesticides and Texic Substances, Washington, D.C, 20960. EPA 560/6-82-002. (August 1982 and
updates), cf. also Code of Federal Regulations. Protection of the Environment Part 790 to End.
Revised as of july 1, 1993. ONLINE information regarding the latest updates of these test
guidclines: US National Technical Information System.

EPA-FIFRA, 1982. The Federal Insecticide, Fungicide and Rodenticide Act. Pesticide Assessment
Guidelines, subdivision N: chemistty: Environmental fate, and subdivisien E, J & L: Hazard
Evaluation. Office of Pesticide Programs. US Environmental Protection Agency, Washington D.C.
(1982 and updates). ONLINE information regarding the latest updates of these test guidelines: US
National Technical Information System.

OECD Test Quideline 107, 1995, OECD Guidelines for testing of chemicals. Partition Coefficient
(n-octanol/water): Shake Flask Method.

OECD Test Guideline 117, 198%. OECD Guidcline for testing of chenicals, Pattition Coefficient (n-
octanol/water), High Performance Liquid Chromatography (HPLC) Method.,

OECD Test Guideline 305, 1996. Bioconcentration: Flow-through Fish Test, OECD Guidclines for
testing of Chemicals. '

OECD Test Guidelines 385 A-E, 1981l. Bivaccumulation. OECE Guidelines for testing of
chemicals,

OECD draft Test Guideline, 1998. Partition Coefficient n-Octanol/Water P,,,. Slow=stirring method
for highly hydrophobic cliemicals. Draft proposal for an QECD Guideline for Testing of Cliemicals.

260

339



ENV/IM/MONO(2001)6

ANNEX 5.1V
REFERENCES

Anlikcr, R, Moscr, P., Poppinger, D. 1988, Bicaccumulation of dyestuffs and organic piginents in
fish. Relationships te hydrophobicity and steric factors. Chem. 17(8):1631-1644,

Bintein, S.; Devillers, J. and Karcher, W. 1993, Nonlincar dependence of fish bioconcentration on #-
octanol/water partition cocfficient. SAR and QSAR in Environmental Rescarch. Vol.1.pp.29-39,

Black, M.C., Millsap, D.S., McCarthy, J.F. 1991. Effccts of acutc temperature change on respiration
and toxicant uptake by rainbow trout, Salmo gairdneri (Richardsen). Physiol. Zool. 64:145-168.

Bodor, N., Huang, M.J, 1992. J. Phann. Sci. 81:272-281.
Broto, P, Moreau, G., Vandycke, C, 1984. Eur, J. Med, Chem. 19:71-78.

Chiou, T, 1983. Partition coefficients of organic compounds in lipid-water systems and correlations
with fish bioconcentration factors. Environ. Sci. Technol 19:57-62.

CLOGP, 1995. Daylight Chemical Information Systeins, Inf. Sys. Inc. Irvine, Ca.

CS8TEE ¢1999): DG XXIV Scientific Committee for Toxicity and Ecotoxicity and thc Environment
Opinion on reviscd preposal for a list of Priority substances in the context of the water framcwork
directive (COMMs Procedure) prepared by the Frauenhofer-Institute, Germany,. Final report
opinion adopted at the 1 1" CSTEE plenary meeting on 28" of Septcmber 1999,

Comotto, R.M., Kimerle, R.A., Swishcr, R.D, 1979. Bioconccntration and metsbolism of linear
alkylbenzencsulfonate by Daphnids and Fathead minnows. E.L.Marking, RA. Kimerle, Eds.,
Aquatic Toxicology (ASTM, 1979), vol. ASTM STP 667.

Connell, D.W., Hawkcr, D.W. 1988. Usc of polynomial expressions to describe the bioconcentration
of hydrophobie cheinicals by fish. Ecotoxicol. Environ. Saf. 16:242-257,

Conncll, D.W. 1990. Bioaccumulation of xcnobiotic compounds, Florida: CRC Press, Inc. pp.1-213,

De Bruijn, J., Busser, F., Seinen, W, & Hermens, J. 1989, Determination of octanol/water partition
coefficients with the “slow stirring” method. Environ. Toxicel. Chem. 8:499-512.

Devillers, J., Bintein, S., Domine, D. 1996. Comparison of BCF models based on log P.
Chemosphere 33(6):1047-1065.

DoE, 1996. Guidance on the aquatic toxicity testing of difficult substance, Unites Kingdom
Department of the Environment, London.

Doucette, W.J., Andren, AW, 1987. Correlation of octanol/water partition coefficients and tolal
molecular surface area for highly hydrophobic aromatic compounds. Eaviron. Sei. Technol., 21,
pages 821-.824,

Doucette, W.J., Andren, A.W. 1988, Estimation of octanol/water partition coefficients: evaluation
of six methods for highly hydrophobic aromatic compounds. Chemosphere, 17, pages 345-359.

201

340



ENV/AIMMONG(2001)6

Driscoll, $.X., McEiroy, AE. 1996. Bioaccumulation aud metabolism of benzo(a)pyrene in three
species of polychaete worms. Environ. Toxicol. Chem, 15(8):1401-1410.

ECETOC, 1995, The role of bioaccumulation in environmental risk assessment: The aquatic
environment and related food webs, Brussels, Belgium,

ECEOQC, 1996. Aquatic toxicity testing of sparingly soluble, volatile and unstable substances,
ECETOC Monograph No. 26, ECETOC, Brussels.

Europcan Commission, 19%6. Technical Guidance Document in support of Commission Directive
93/96/EEC on Risk Assessment for now notified substances and Conunission Regulation {(EC} No
1488/94 on Risk Assessment for Existing Substances. Brusscls

Ghose, A K., Prottchet, A., Crippen, G.M. 1988. J. Coniputational Chem. 9:80-50.

Gobas, F.A.P.C., Opperhnizen, A., Hutzinger, Q. 1986. Bioconcentration of hydrophebic chemicals
in fish: Relationship with mmembrane perineation. Environ. Toxicel. Chem. 5:637-646,

Gobas, FAP.C., Clark, X.E,, Shiu, W.Y ., Mackay, D. 1989. Bioconcentration of polybrominated
benzencs and biphenyls and related superhydrophobic chemicals in fish: Role of bioavailability and
elimination into feces. Environ, Toxicol. Clien. 8:231-243.

Goodrich, M.S., Melancon, M.J., Davis, R.A., Lech 1} 1991. The toxicity, bicaccumulation,
metabolism, and elimiuation of dioctyl sodium sulfosuccinate PSS in rainbow trout (Oncorhynchus
mykissy Water Res. 25: 119-124.

Hanscly, C., Leo, A. 1979, Substituent constants for correlation analysis in chemistry and biclogy.
Wiley, New York, NY, 1979,

Henderson, R.J,, Tocher, DR. 1987. The lipid composition and biochemistry of freshwater fish,
Prog. Lipid. Res. 26:281-347.

Howard, P.H. and Mcyland, W.M., 1997. Prediction of physical properties transport and degradation
for environmental fate and exposure assessments, QSAR in environmental science VII. Eds, Chen,
F. and Schiitirmann, G. pp. 185-205.

Kimerle, R.A., Swisher, R.D., Schiroeder-Comotto, R.M. 1975, Surfactant structiure and aquatic
toxicity, Symposium on Structurc-Activity correlations in Studies on Toxicity and Bioconcentration
with Aquatic Organisms, Burlington, Ontario, Canada, pp. 22-35.

Klopman, G., Li, 1.Y., Wang, 5., Dimayuga, M. 1994, Computer aitomated log P caleulations based
on an extended group contribution approach. I. Chem. Inf. Comput. Sci. 34:752-781.

Knezovich, LP., Lawton, M.P., lnoue, 1..8. 1989. Bicaccuinulation and tissue distribution of a
quatepnary amnmonium surfactant in three aquatic specics. Bull, Environ, Contam, Toxicol, 42:87-
93.

Knezovich, J.P., Inouc, 1..S. 1993, The influence of sediment and colloidal matcrial on the
bivavailability of a2 quaternary ammonium surfactant. Ecotoxicel. Environ. Safety. 26:253-264,

341



ENV/IM/MONO(2001)6

Kristensen, P. 1991. Bioconcentration in fish: Comparison of BCFs derived from OECD and ASTM
testing 1nethods; influence of particulate matter to the bioavailability of chemicals, Danish Water
Quality Institute,

Mackay, . 1982. Correlation of bioconcentration: factors. Environ. Sci. Techuol. 16;274-278.

McCarthy, I.F., Jimencz, B.DD. 1985, Reduction in bicavailability to bluegills of polycyclic aromatic
hydrocarbons bound to dissolved humic material. Environ. Toxicol. Chem. 4:511-521.

MeKim, JM., Goeden, H.M. 1982. A direct measure of the uptake cfficicncy of a xenobiotic
chemical across the gill of brook trout (Salvelinus fontinalis) under normoxic and hypoxic
conditions. Comp. Biochem, Physiol. 72C:65-74.

Meylan, W.M. and Howard, P.H., 1995, Atom/Fragment Contribution Methods for Estimating
Octanol-Water Partition Coefficients. J.Pharm.Sci. 84, 83,

Nicmeld, I.R. 1993, QTOXIN-program (ver 2.0), Danish Environmental Protection Agency.
Niemi, G.J., Basak, 8.C., Veith, G.D., Grunwald, G. Environ. Toxicol, Chem. 11:893-900,

Niimi, A.J. 199]. Selubility of organic chemicals in octanol, triolin and cod liver oil and
relationships between solubility and partition coefficients. Wat, Res. 25:1513-1521.

OQECD, 1993. Application of structure activity relationships to the estimation of properties important
in exposure assessment, OECD Environment Directorate, Environment Monograph No. 67,

OECD, 1998. Harmonized intcgrated hazard classification systen for human health and
environmental effects of chemical substances. As endorsed by the 28" joint meeting of the
chemicals committee and the working party on cliemicals in November | 998.

OECD, 2000. Guidance Document on Aquatic Toxicity Testing of Difficult Substances and
Mixtures, OECD, Paris.

Opperhuizea, A., Van der Velde, EW., Gobas, FAP.C., Liem, A.K.D., Van der Steen, JM.D,,
Hutzinger, O. 1985. Relationship between bioconceniration it fish and steric factors of hydrophobic
chemicals, Chemosphere 14:1871-1896.

Opperhuizen, A. 1986. Bieconcentration of hydrophobic chericals in fish. In: Poston T.M., Purdy,
R. (cds), Aquatie Toxicology and Envircnmental Fate : Ninth Volume, ASTM STP 921, American
Society for Testing and Materijals, Philadelphia, PA, 304-315.

Opperhuizen, A., Schrap, SM. 1987. Relationship between aqueous oxygen concentration and
uptake and climiuation rates during bicconcentration of hydrophobic chemicals in fish, Environ.
Toxicol. Chemosphere 6:335-342,

Opperhuizen, A., Sijm, D.T.HM. 1990. Bioaccumilation and biotransformation of polychlorinated
dibenzo-p-dioxing and dibenzofurans in fish, Environ. Toxicol. Chem. 9:175-186.

Pedersen, F., Tvle, H.,, Niemeld, JLR., Guttmann, B., Lander,].. and Wedebrand, A,, 1995
Environmental Hazard Classification — data collection and interpretation guide (2" edition).
TemaNord 1995:581.

203

342



ENV/IM/MONO(2001)6

Petersen, G.1, Kristensen, P. 1998. Bioaccumulation of lipophilic substances in fish early life
stages. Environ. Toxicol. Chem. 17(7):1385-1395,

Rekker, RF., de Kort, HM. 1979. The hydropliobic fragmental constant: An extension to a 1000
data point set. Eur. J. Med. Chem. — Chim. Ther. 14:479-488,

Roberts, D.W. 1989. Aquatic toxicity of lincar alkyl benzene sulphonates (LAS) — a QSAR analysis.
Communicaciones Presentadas a las fornadas del Comite Espanol de la Detergencia, 20 (1989) 35-
43, Also in LE. Tumer, M.W. England, T.W. Schultz and N.J. Kwaak (eds.) QSAR 88. Proc. Third
International Workshop on  Qualitative Structure-Activity Relationships in  Environmental
Toxicology, 22-26 May 1988, Knoxville, Tennessee, pp, 91-98. Available from the National
Technical infonnation Service, US Dept. of Commerce, Springfield, VA.

Schrap, S.M., Opperhuizen, A. 1990. Relationship between bicavailability and hydrophobicity:
reduction of the uptake of organic chemicals by fish due to the somtion of particles. Environ.
Toxicol. Chem. $:715-724.

Shiu, WY, Doucectte, W., Gobas, FAPC., Andren, A., Mackay, D. 1988. Physical-chcinical
properties of chlorinated dibenzo-p-dioxins. Environ. Sci. Technol. 22; pages 651-638.

Sijm, D.T.H.M., van der Linde, A. 1995. Size-dependent bioconcentration kinetics of hydrophobic
orgasnic cliemicals in fish based on diffissive mass transfer and allornetric relationships. Environ. Sci.
Technol. 29:2769-2777.

Sijm, D.T.H.M., Part, P., Opperhuizen, A. 1993, The influcnee of temperabure on the uptake rate
constants of hydropliobic compounds determined by the iselated perfiised gill of rainbow trout
(Oncorhiynchs mykiss). Aquat. Toxicol. 25:1-14.

Spacic, A., Hamelink, F.L. 1982, Altcmative mode¢ls for describing the bioconcentration of organics
in fish. Environ. Toxicol. Chem, 1:309-320.

Suzuki, T., Kudo, Y.J. 1990. J. Computer-Aided Molecular Design 4:155-198.
Syracuse Research Corporation, 1999, http://esc_plaza.syrres.comy/interkow/logkow. htm

Tas, 1.W., Seinen, W, Opperhuizen, A. 1991, Lethal body burden of triphenyltin chloride i fish:
Preltminary results. Comp. Biochem, Physiol. 100C(1/2):59-60.

Tolls I. & Sijm, D.T.H.M., 1993. Bioconcentration of surfactants, RITOX, the Netherlands (9. Nov.
1993). Procter and Gamble Report (ed.: M, Stalmans).

Tolls, 1. 1998. Bioconcentration of surfactants. Ph.D. Thesis. Utrecht University, Utrecht, The
Netherlands. "

Toshima, S., Moriya, T. Yoshimura, K. 1992, Effects of polyoxyethylene (20) sorbitan imonooleate
on the acutc toxicity of linear alkylbenzenesulfonate (Cra-EAS) to fish. Ecotoxicol. Enviren, Safety
24: 26-36.

USEPA 1985. U.S. Enviromincntal Protection Agency. Office of Toxic Subsiances. Toxic
Substances Contrel Act Test Guidelines, 50 FR 35252,

343



ENV/IM/MONO(2001)6

US EPA/EC, 1993, US EPA/EC Joint Project on the Evaluation of {Quantitative) Structure Activity
Relationships.

US EPA, 1996. Ecological cffects test guidelines — OPPTS 850,1000. Special considerations for
conducting aquatic laboratory studies, Public Draft, EPA712.C-96-113. United States
Environmental Protection Agency. http:/www.¢pa.govidocs/OPTS_harmonized/

Van Den Berg, M., Var De Meet, D, Peijnenburg, W.J.G.M,, Stjm, D.T H.M., Struijs, I, Tas, J.W.
1995, Transport, accumulation and transformation processes. In: Risk Assessment of Chemicals: An
Introduction, van Leeuwen, C.J, Hermens, JL.M, (eds). Dordrecht, NL. Kluwer Academic

Publishers, 37-102.

Wakabayashi, M., Kikuehi, M., Sato, A. Yoshida, T. 1987. Bioconcentration of aleohol ethoxylates
i carp (Cyprinus carpio), Ecotoxicol, Environ. Safety 13, 148-163.

Wofford, H.W., C.D. Wilsey, G.5. Neff, C.8. Giam & J.M. Neff (1981} Bioaccumulation and
metaboliszn  of phthalate  esters by oysters, brown shrmp and shcepshead minnows,
Ecotox.Environ.Safety 5:202-210, 1981.

205

344



ENVAM/MONG(2001)6

6. USE OF QSAR
6.1 HISTORY

262. Quantitative Structure-Activity Relationships (QSAR) in aqnatie toxicology can be traced
to tlie work at the turn of the century of Overton iu Ziirich (Lipuick, 1986) and Meyer in Marburg
{Lipnick, 1989a). They demonstrated that the potency of substances producing narcosis in tadpoles
and small fish is in dircet proportion to their partition cocfficients measured between olive oil and
water. Overton postniated in his 1961 monograph "Studien iber dic Narkose,” that this correlation
reflects toxicity taking place at a siandard molar concentration or molar volume within some
molecular site within the organism (Lipnick, 1991a). In addition, he concluded that this corresponds
to the same concentration or volume for a various organisms, regardless of whetlier uptake is from
water or via gaseous inhalation. This correlation became known in anaesthesia as the Meyer-
Overton theory.

263, Corwin Hansch and co-workers at Pomona College proposed the use of u-octanol/water as
a standard partitioning syster, and found that these partition coefficients were an additive,
constitutive property that can be directly estimated froin chernical structure, In addition, they found
that regression analysis could be used to derive QSAR models, providing a statistical analysis of the
findings. Using this approach, in 1972 these workers reported 137 QSAR models in the form log
(1/C) = A log Ko + B, where K, is the n-octanol/water partition coefficient, and C is the molar
concentration of a chemical yiclding a standard biological response for the effect of simple non-
electrolyte non-reactive organic compounds on whole animals, organs, cells, or even pure enzymes.
Five of these cquations, which relate to the toxicity of five simiple monohydric alcoliols to five
species of fish, have almost identical slopes and intercepts that are in fact virtually the same as those
found by Konemann in 1981, who appears to have been unaware of Hansch's earlier work.
Kénemann and others have demonsgtrated that such sireple non-reactive non-elcetrolytes all act by a
uarcosis mechanism in an acute fish toxicity test, giving rise to minimam or baseline toxicity
(Lipnick, 1989b),

6.2 EXPERIMENTAL ARTIFACTS CAUSING UNDERESTIMATION OF HAZARD

264. Otlier non-electrolytes can be more toxic than predicted by such a QSAR, but not less
toxic, except as a result of a testing artefact. Such testing artefacts include data obtained for
conipounds such as hydrecarbons which tend to volatilise during the experiment, as well as very
hydrophobic compounds for which the acute testing duration may be inadequate to achieve steady
state equilibrium partitioning between the concentration in the aquafic phase (aquarium test
solution}, and the internal hydrophobic site of narcosis action. A QSAR plot of log Ko vs log C for
such simple non-reactive non-electrolytes exhibits a linear relationship so long as such equilibrium
is establishied within the test duration. Beyond this point, a bilinear relationship is observed, with
the most toxic chemical being the one with the liighest log K, value for which such equitibrium is
established (Lipnick, 1993).

265, Another testing problem is posed by water solubility cut-off, If the toxic concentration
required to produce the effect is sbove the compound's water solubility, no effect will be observed
even at water saturation. Compounds for which the predicted toxic concentration is close to water
solubility will also show no effect if the test duration is insufficient to achieve equilibrium
partitioning. A similar cut-off is observed for surfactants if toxicity is predicted at a concentration
beyond the critical micclle concentration. Although such compounds may show no toxicity under
these conditions when tested alone, their toxic contributions to mixtures are still present, For
compounds with the same log K, value, differences in water solubility reflect differences in
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enthalpy of fusion related to melting poiut. Melting point is a reflection of the degree of stability of
the crystal lattice and is controlied by intermolecular hydrogen bonding, lack of conformational
flexibiiity, and symmetry. The more highly symmetric a compound, the higher tlie melting point
(Lipnick, 19%0).

6.3 QSAR MODELLING ISSUES

266. Choosing an appropriate QSAR implies that the model will yield a refiable prediction for
the toxicity or biological activity of an untcsted chemical. Generally speaking, reliability decreases
with increasing complexity of cliemical structure, unless a QSAR has been derived for a narrowly
defined sct of chemicals similar in stnicture to the candidate substance. QSAR models derived from
narrowly defined categorics  of cheniicals are coumonly empioyed in the devclopment of
pharmaccuticals oncc a new lead compound is identified and therc is a nced to make minor
structural modifications to optimise activity (and decreasc toxicity). Owerall, the objcctive is make
estimatcs by interpolation rather than cxtrapolation,

267. For example, if 96-h LC50 test data for fathead minnow arc available for cthanol, n-
butanoi, n-hexanel, and 1-nonanel, we¢ have some confidence in making a prediction for this
endpoint for n-propanol and n-pentanoi. In contrast, we would have less confidence in making such
a prediction for methanel, whicli is an extrapolation, with fewer carbon atoms than any of the tested
cheinicals. In fact, the behavioar of the first member of such a homologous is typically the most
anomalous, and should not be predicted 1sing data from remaining members of the scries. Even the
toxicity of branched chain alcohols may be an unreasonable extrapolation, depending upon the
endpoint in question. Such extrapolation becomes more unreliable to the extent that toxicity is
rclated to production of metabolites for a particular endpoint, as opposcd to the propertics of the
parent compound. Also, if toxicity is mediated by a specific receptor binding mechanism, dramatic
effects may be observed with small changes in chiemical structure.

268. What ultimately governs the validity of such predictions is the degree to which the
compounds used to derive the QSAR for a specific biclogical endpoint, are acting by a common
motecular mechanism. In many and perhaps most cases, a QSAR does not represent such a
mechanistic model, but merely a comrelative one. A fruly valid mechanistic model must be derived
from a seres of chemicals ali acting by 2 common molecular mechanism, and fit to au equation
using one or more parameters that relate directly to one or more steps of the mechanism in question.
Such paranieters or properties are more generally ksown as molecular descriptors. ot is also
important to keep in niind that many such moleeular descriptors in common use may not have a
direct physical interpretation. For a correlative model, the statistical fit of the data are likely to be
poorer than a mechanistic one given these limitations. Mechanisms arc not necessarily completely
understood, but enough information may be known to provide confidence in this approach. For
correlative models, the predictive rcliability increases with the narrowness with which cach is
defined, e.g., catcgories of electrophiles, such as acrylates, in which the degree of reactivity may be
similar and toxicity can be estimated for a "new" chemical using 2 model based solcly on the log
Kow paramcter.

269, As an example, primary and secondary alcehols containing a double or triple bond that is
conjugated with the hydrexyl function (i.c., allylic or propargylic} arc more toxic than would be
predicted for a QSAR for the comesponding saturated compounds.  This behaviour has been
ascribed to a proclectrophile mechanism involving metabolic activation by the ubiguitous enzyme
alcohol dehydrogenase to the corresponding «,8-unsaturated aldehydes and ketones which can act as
clectrophiles via a Michacl-type acceptor mechanism (Veith ef 4/, 1989}, In ihe presence of an
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aleohel dehydrogenase inhibitor, these compounds behave like other alcokols and do not show
excess toxicity, consistent with the mechanistic hypothesis.

270, The situation quickly becomes more complex once one goes beyond such a hometogous
series of compounds. Consider, for example, simple benzene derivatives. A series of
chlorobenzenes may be viewed as similar te a homologous series. Not much difference is likely in
the toxicities of the three isomeric dichlorobenzenes, so that a QSAR for chlorobenzenes based upon
test data for one of these isomers is likely to be adequate. What about the substitution of other
functional groups on benzene ring? Unlike an aliphatic alcohol, addition of a hydroxyl functionality
to a benzene fng produces a phenol which is no longer neutral, but an ionizable acidic compound,
due to the resonance stabilisation of the resulting negative charge. For this reason, pheneot does not
act as a true narcotic agent. With the addition of clectron withdrawing substituents to phenol (e.g.,
chlorineg atoms), there is e shift te these compounds acting as uncouplers of oxidative
phosphorylation {e.g., the herbicide dinoseb). Substitution of an aldehyde group leads to increased
toxicity via an electrophile mechanism for such compounds react with amino groups, such as the
lysine g-amino group to produce a Schiff Base addnct. Similarly, a benzylic chloride acts as an
clectrophile to form covalent abducts with sulfhydryl groups. In tackling a prediction for an
nntested compound, the chemical reactivity of these and many other functional groups and their
interaction with onc another should be carcfully studied, and attempts made to document these from
the chemical literature (Lipnick, 1991b).

271. Given these limitations in using QSARs for making predictions, it is best employed as a
means of establishing testing priortics, rather than as a means of substituting for testing, unless
some mechanistic information is available on the untested compound itself. In fact, the inability to
make a prediction along with known environmental release and exposure may in itself be adequate
to trigger testing or the development of a new QSAR for a category of chemicals for which such
decisions are needed. A QSAR model can be derived by statistical analysis, e.g., regression analysis,
from such a data set. The meost commonly employed molecular descriptor, log K., may be tried as a
first attempt.

272, By contrast, derivation of a mechanism based QSAR model requires an understanding or
working hypothesis of molecular mechauism and what parameter or parameters would appropriately
model these actions. It is important to keep in mind that this is different from a hypothesis
regarding mode of action, which relates to biclogical/physiclogical response, but not molecular
mechanism.

6.4 USE OF QSARs IN AQUATIC CLASSIFECATION

273. The following inherent propertics of substances are relevant for classification purposes
conceming the aquatic environment:

¢ partition cocfficient n-octanol-water log Kow;
» bioconcentration factor BCF;
» degradability - abiotic and biodegradation;
e acute zquatie toxicity for fish, daphnia and algac;
¢ prolonged toxicity for fish and daphnia.
274, Test data always take precedence over QSAR predications, providing the test data are

valid, with QSARs used for filling data gaps for purposes of classification. Since the available
QS ARs are of varying reliability and application range, different restrictions apply for the prediction
of each of these endpoints. Nevertheless, if a tested compound belongs to a chemical category or
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structure type (see above) for which there is some confidence in the predictive utility of the QSAR
model, it is worthwhile to compare this prediction with the experimental data, as it is not unusual to
use this approach to detect some of the experimental artefacts (volatilisation, insufficient test
duration to achieve equilibrium, and water solubility cut-off} in the measured data, which would
mostly result in classifying substances as lower than actual toxicity.

275, When two or more QSARs are applicable or appear to be applicable, it is usefal to
compare the predictions of these various models in the same way that predicted data should be
compared with measured (as discussed above). If there is no discrepancy between these modcls, the
result provides encouragement of the validity of the predictions. Of course, it may also mean that
the models were all developed using data on similar compounds and statistical methods, On the
other hand, if the predictions are quite different, this result needs to be examined further. There is
always the possibility that none of the models used provides a valid prediction. As & first step, the
structures and properties of the chemicals used to denve cach of the predictive models should be
cxamined to determine if any models are based upon chemicals similar in both of these respects to
1he one for which a prediction is nceded. If one data set contains such an appropriate analogue used
to derive the model, the mcasured valuc in the database for that comnponnd vs model prediction
should be tested. If the results fit well with the overall model, it is likely the most reliable one to
use. Likewise, if none of the models contain test data for such an analogue, testing of the chemical
in question is recommended.

276. The U.S. EPA has recently posted a draft docnment on its website “Development of
Chemical Categories in the HPV Challenge Program,” that proposcs the use of chemical categories
to “... veluntarily conipile a Screening Information Data Set (SIDS) on all chemicals on the US HPV
list ... [to provide] basic screening data needed for an initial assessment of the physicochemical
properties, environmental fate, and human and environmental effects of chemicals” (US EPA,
1999), This list consists of *..about 2,800 HPV chemicals which were reported for the Toxic
Substances Control Act’s 1990 Inventory Update Rule (IUR)”.

271 One approach being proposed “...where this is scientifically justifiable ... is to consider
closely related chemicals as a group, or category, rather than test them as individual chemicals. in
the category approach, not every chemical needs to be tested for every SIDS endpoint”. Such
limited testing could be justified providing that the “...final data set must allow one to assess the
witested endpoints, ideally by inrerpolation [emphasis added here} between and among the category
members,” The process for defining such categories and in the development of such data are
described in the proposal.

278, A second potentially less data intensive approach being considered (US EPA, 20002) is “...
applying SAR principles to a singlc chemical that is closcly related to one or inore better
characterised chemicals (“‘analogs™).” A third approach proposed consists of using “.. a
combination of the analoguc and category approaches ... [for] individual chemicals ... [similar to
that] used in ECOSAR {US EPA, 2000b), 2 SAR-based computer program that penerates
ecotoxicity values. ”. The document alse details the history of the usc of SARs within the U.S. EPA
new chemicals program, and how to go about collecting and analysing data for the sake of such
SAR approaches.

279, The Nordic Council of Ministers issved a report (Pederson er al, 1995) cntitled
“Environmental Hazard Classification,” that includes information on data collection and
interpretation, as well as a scction (5.2.8) entitled “QSAR estimates of water solubility and acute
aguatic toxicity”. This section also discusses the estimation of physicochemical properties,
including log Kow. For the sake of classification purposes, estimation methods are recommended for
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prediction of “minimum acute aquatic toxicity,” for “..neutral, organi¢, non-reactive and non-
ionizable compounds such as alcohols, ketones, ethers, alkyl, and ary! hatides, and can also be used
for aromatic hydrocarbons, halogenated aromatic and aliphatic hydrocarbons as well as sulphides
and disuiphides,” as cited in an earlier OECD Guidance Document (OECD, 1995). The Nordic
document also includes diskettes for a computerised application of some of these methods,

280, The European Centre for Ecotoxicology and Toxicology of Chemicals {ECETOC) has
published a report entitled “QSARs in the Assessment of the Enviromnental Fate and Effects of
Chernicals,” which describes the use of QSARs to “...check the validity of data or to fill data gaps
for priority setting, risk assessment and classification” (ECETOC, 1998). QSARs are described for
predicting environmental fate and aguatic toxicity. The repert notes that “a consistent datasct for
[an endpoint] covered ... for a well defined scope of chemical structures (“domain™) [is nceded] ...
from which & training set is developed. The docurncnt also discusses the advantage of mechanism
based models, the usc of statistical analysis in the development of QSARs, and how to assess
“outlicrs™,

6.4.1 Partition coefficient n-octanol-water log Kow

281. Computerised methods such as CLOGP (US EPA, 1999), LOGKOW {UUS EPA, 2000a)
and SPARC {{JS EPA, 2000b) are available to calcutate log Kow directly from chemical structure.,
CLOGP and LOGKOW arc bascd upon the addition of group contributions, whilc SPARC is based
upon a mor¢ fundaniental chemical structure algorithm. Caution should be used in using calenlated
values for compounds that can underge hydrolysis in water or some other rcaction, since these
transformations need to be considered in the interpretation of aquatic toxicity test data for such
reactive chemicals. Only SPARC can be cinployed in a general way for inorganic or organomctallic
compounds, Special inethods are needed in making estimates of log Kow or aquatic toxicity for
surface-active compounds, chelating compounds, and mixtures.

282. Log Kow vatues can be calculated for pentachlorophenet and similar compounds, both for
the ionised and unionised {neutral) forms. Thesc values can potentially be calculated for certain
reactive molecules {(e.g., benzotrichioride), but the reactivity and subsequent iydrolysis also need to
be considered. Also, for such ionizable phenols, pKa is a second parameter. Specific models can be
used to calculate log Kow values for organometallic compounds, but they need to be applied with
caution since some of these compounds really exist in the form of ion pairs inn water,

283. For conipounds of extremely high lipophilicity, measurements up to about 6 to 6.5 can be
made by shake flask, and can be extended up to about log Kow of 8 using the slow stirring approach
{Bruijn er af., 1989). Calculations are censidered useful even in extrapolating beyond what can be
nicasured by cither of these methods. Of course, it should be kept in mind that if the QSAR models
for toxicity, etc. are based on chemicals with lower log K., values, the prediction itseif will also be
an cxirapolation; in fact, it is known that in the case of bioconcentration, the relationship with log
Kow becomes non-lincar at ligher values. For compounds with low log K, values, the group
contribution can aiso be applied, but this.is not very usefir]l for hazard purposcs since for such
substances, particularly with negative log K, values, littlc if any partitioning can take place into
lipophilic sites and as Qverton reported, these substances produce toxicity through osmotic effects
{Lipnick, 1934).

6.4.2 Bisconcentration factor BCF
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284, If experimentally determined BCF values are available, these values should be used for
classification, Bioconcentration measurements must be performed using pure samples at test
concentrations within water solubility, and for an adequate test duration to achieve steady state
equilibrium between the aqueous concentration and that in the fish tissue. Moreover, with
bioconcentration tests of extended duration, the comelation with log K, levels off and ultimately
decreases. Under environmental conditions, bioconceutration of highly lipophilic diemicals takes
place by a combination of uptake from food and water, with the switch te food taking place at
log XKow = 6. Otlerwise log K, values can be used with a QSAR model as a predictor of the
bioaccunwlation potential of organic compounds. Deviations from these QSARs tend to reflect
differences in the extent to which the chemicals underge metabolism in the fish. Thus, soine
chemicals, such as phthalate, can bicconcentrate significantly less thian predicted for this reason.
Also, caution should be applied in comparing predicted BCF vahics with those using radiolabeled
compounds, where the tissue concentration thus detected may represent a mix of parent compound
and metabolites or even covalently bound parent or metabaolite.

285, Experiwental log K, values arc to be used preferentially. However, older shake flask
values above 5.5 are not reliable and we are in many cases better off using some average of
calculated values or having these remeasured wsing the slow stitring method (Bruiji ef «f., 1989). If
there is reasonable doubt about the accuracy of the measured data, caleulated log Kow values shall
be used.

0.43  Degradability - abiotic and biodegradation

236. QSARs for abiotic degradation in water phases are narrowly defined linear free energy
relatiouships (LFERs) for specific catcgories of clieniicals and mechanisms. For cxample, such
LFERs are available for hydrolysis of benzylic chlorides with various substituents on the aromatic
ring. Such narrowly defined LFER models tend to be very reliable if the needed parameters are
available for the Substituent(s) in question. Photo degradation, i.e., reaction with UV produced
reactive species, may be extrapolated from estimates for the air compartment. While tliese abiotic
processes do not usually result in complete degradation of organic compounds, they are frequently
significant starting points, and may be rate limiting. QSARs for caleulating biodegradability are
either compound specific (OECD, 1995} or group coniribution models like the BIODEG program
(Hansch and Leo, 1995; Meylan and Howard 1993; Hilal et ol, 1994; Howard ef af., 1992;
Boethling er al., 1994; Howard and Meylan 1992; Loonen ef a/., 1999), While validated compound
category specific models are very limited in their application range, the application range of group
contribution models is potentially much broader, but limited to eornpounds congaining the niodel
substructures. Validation studies have suggested that the biodegradability predictions by currently
available group coutribution models may be used for prediction of “not ready biodegradability”
(Pedersen et al., 1995; Langenberg et al., 1996; USEPA, 1993) - and thus in relation to aguatic
liazard classification “uot rapid degradability.”

64.4  Acute aquatic texicity for fish, daphnia and algae

287. The acute aquatic toxicity of non-reactive, non-clectrolyte organic cliemicals (bascline
toxicity) can be predicted from their log K., value with a quite high level of confidence, provided
the preseacc of clectrephile, proclectrophile, or special mechianisin functional groups (sec above)
were 1ot detected. Probleius rewain for such specific toxicants, for which the appropriate QSAR
lias to be selected in a prospective manner: Since straightforward criteria for the identification of the
rclevant modes of action are still lacking, empirical expert judgement needs to be applied for
selecting a suitable model. Thus, if an inappropriate QSAR is employed, tlie predictions may be in
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error by several orders of magnitude, and in the case of baseline toxicity, will be predicted less
toxie, rather than more.

6.4.5  Prolonged toxicity for fish and Daphnia

288. Calculated values for chronic toxicity to fish and Daphnia should not be used to overnule
classification based on experimental acute toxicity data. Only a few validated models are available
for calculating prolonged toxicity for fish and Daphnia. These models are based solely on log Kow
correlations and are limited in their application to non-reactive, non-electrolyte organic compounds,
and are not suitable for chemicals with specific modes of action under prolonged exposure
conditions. The reliable estirnation of clroiic toxicity values depends on the correct discrimination
between non-specific and specific chronic toxicity mechanisims; othcrwise, the predicted toxicity
can be wrong by orders of magnitude. It should be noted that although for many compounds, excess
toxicity” in a chronic test correlates witli excess toxicity in an acute test, this is not always the case.

* Excess toxicity, T. = {Predicted baseline toxicity} / Observed toxicity
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7. CLASSIFICATION OF METALS AND METAL COMPOUNDS
7.1 INTRODUCTION

289, The harmonised system for classifying chemical substances is a hazard-based system, and
the basis of the identification of hazard is the aquatic toxicity of the substances, and information on
the degradation and bicaccunulation behaviowr (OECD 1998). Since this document deals only with
the hazards associated with a given substance when the substance is dissolved in the water column,
exposure from this source is limited by the solubility of the substance in water and bioavailability of
the substance in species in the aquatic euvironment. Thus, the hazard classification schemes for
metals and metal compounds are limited to the hazards posed by metals and metal compounds when
they are available (i.e., exist as dissolved metal ions, for example, as M” when present as M-NOj),
and do not take into account exposures to metals and metal compounds that are not dissolved in the
water colump but may still be bioavailable, such as metals in foods. This chapter does not take into
account the non-metallic ion (e.g., CN-) of metal compounds which may be toxic or whicli may be
organic and may pose biocaccumulation or persistence hazards, For such metal compounds the
hazards of the non-uetallic ions must also be considered.

290, The level of the metal ion which may be present in solution following the addition of the
metal and/or its compounds, will largely be determined by two processes: the extent to which it can
be dissolved, i.e., its water solubility, and the extent to which it can react with the media to
transform to water soluble forms. The rate and extent at which this latter process, known as
“transformation™ for the purposes of this guidance, takes place can vary extensively between
differcut conipounds and the metal itself, and is an important factor in determining the appropriate
hazard category. Where data on transformation are available, they should be taken into account in
determining the classification. The Protocol for determnining this ratc is available as a separate
Guidance Document (OECD, 2001).

291, Generally speaking, the rate at whiclt a substance dissolves 15 not cousidered relevant to
the determiination of its intrinsic toxicity. However, for 1etals and 1any poorly soluble inorganic
utetal compounds, the difficulties in achieving dissolution througli normal solubilisation teclmiques
is so severe that the two processes of solubilisation and transformation become indistinguisbable.
Thus, where the copound is sufficiently poorly seluble that the Ievels dissolved following normal
attempts at solubilisation do not exceed the available L({E)Cso, it is the rate and extent of
transformation, which must be considered. The transformation will be affected by a number of
factors, not least of which will be the properties of the media with respect to pH, water hardness,
temperature ete, In addition to these properties, other factors such as the size and specific surface
area of the particles which have been tested, the length of time over which exposure to the media
takes place and, of course the mass or surface area loading of the substance in the media will all play
a part in determining the level of dissolved metal ions in the water. Transformation data can
generally, therefore, only be considered as reliable for the purposes of classification if conducted
accordiug to the standard Protocol referenced above. :

292, This Protocol aims at standardising the principal variables such that the level of dissolved
ion can be directly related to the loading of the substance added. itis this loading level which yields
the level of metal ion equivalent to the available L(E)Csq that can then be used to determine the
hazard band appropriate for classification. The testing methodology is beyond the scope of this
guidance but the strategy to be adopted in using the data from the testing protocol, and the data
requircments needed to make that strategy work, will be described.
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293, In considering the classification of metals and nietal compounds, both readily and poorly
soluble, recognition has to be paid to a number of factors. As defined in the Glossary of this
doeument, the term “*degradation” refers to the decompositien of organic molecules. For inorganic
compounds and metals, clearly the concept of degradability, as it has been considered and used for
organic substances, has limited ¢r no meaning. Rather, the substance may be transformed by normal
environmental processes fo either increase or decrease the bioavailability of the toxic species.
Fqually, the log K. cannot be considered as a measure of the pofential to accumulate,
Nevertheless, the concepts that a substance, or a toxic metabolite/reaction product may not be
rapidly lost frem the environment and/or may bioaccumuilate are as applicable to metals and metal
cempounds as they are fo organic substances.

294, Speciation of thie seluble form can be affected by pH, water Liardness and other variables,
and may yicld particolar forms of the metal ion whicli are more or less toxie. In addition, metal ions
could be made nen-available from the water colimn by a number of processes (e.g., mineralisation
and partitioning). Sometimes these processes can be sufficiently rapid te be analogous to
degradation in assessing chronic classification. However, partitioning of the metal ion from the
watcr column te other environmental media does not necessarily mean that it is no longer
bioavailable, nor does it mcan that thie metal has been made permanently unavailable.

295. Information pertaining to the extent of the partitioning of a metal ion from the water
column, or the ¢xtent to which a metal has been or can be converted i¢ a form that is less toxic or
noi-toxic is frequently not available over a sufficiently wide range of envircumentally relevait
conditions, aud thus, a number of assumptions will need to be made as an aid in classification. These
assumptions may be modified if available data show otherwise. In the first instance it should be
assumed that the metal icus, once in the wafer, are not rapidly partitioned from the water columa
and thus these compounds do not meet the criteria. Uiderlying this is the assumption that, although
speciation can occur, the species will remain available under environmentally relevant conditions.
This may not always be the case, as described above, and any evidence available that would suggest
changes to the bivavailability over the course of 28 days, should be carefully examined. The
bicaccumulation of metals and inorganic metal compounds is a complex process and
bicaceumulation data should be used with care. The application of bioaccumulation criteria will
need fo be considered ¢n a case~-by-case basis taking due account of all tlie available data.

296. A further assumption that cau be made, which represents a cantious approach, is that, in
the absence of any solubility data for a particular metal compound, either measured or calculated,
tlie substance will be sufficiently soluble to canse toxicity at the level of the L{E)Cso, and this may
be classified in the same way as other soluble salts. Again, this is clearly not always the case, and it
may be wise te gencrate appropriate solubility data.

297.  This chapter deals with metals and metal compounds, Within the context of this Guidance
Document, metals and metal compeunds are characterised as follows, and therefore, organo-metals
are ontside the scope of this chapter:

(1) metals, M? in their elemental statc are not solnble in watcr but may trausform to yield
the available form. This ineans that a metal in the elemental state 1nay react with water or a

dilute aqucous electrolyte to form solnble cationic er anionic products, and in the process
the metal will oxidise, or transform, from the neutral or zero oxidation state to a highcr one.

{2) in a simple metal compound, such as an oxide or sulphide, the metal already ¢xists in the
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oxidised state, so that further metal oxidation is unlikely to occur when the compound is
introduced into an aqueous medium.

However, while oxidisation may not cliange, interaction witll the media may yield more soluble
forms. A sparingly soluble metal compound can be considered as one for which a solubility product
can be calculated, and which will yield z small amount of the available form by dissolution.
However, it should be recognised that the final solution concentration may be influenced by a
number of factors, including the solubility product of some metal compounds precipitated during the
transformation/dissolution test, c.g. aluminium hydroxide.

7.2 APPLICATION OF AQUATIC TOXICITY DATA AND SOLUBILITY DATA FOR
CLASSIFICATION

7.2.1 Interpretation of aquatic texicity data

298. Aquatic toxicity studies carried out according to a recognised protocel should normally be
acceptable as valid for the purposes of classification. Cliapter 3 should also be consulted for generic
issues that are common t¢ assessing any aquatic texicity data point for the purposes of classification.

Metal complexatior and speciation

299, The toxicity of a particular mctal il solution, appears to depend primarily on (but is not
strictly limited to) the level of dissolved free metal ions. Abiotic factors including alkalinity, ionic
strength and pH can influence the toxicity of metals in two ways: by influencing the chemical
speciation of the metal in water (and hence affocting the availability) and by influencing the uptake
aud binding of available metal by biological tissues.

300. Where speciation is important, it may be possible to model the concentrations of the
different forms of the metal, including those that are likely to cause toxicity. Analysis methods for
quantifying exposure couicentrations, which are capable of distinguishing between tlie complexed
and uncomplexed fractions of a test substance, may 110t always be available or economic.

301. Complexation of metals to organic and inorganic ligauds in test media and natural
environments c¢an be estimated from metal speciation models. Speciation models for metals,
including pH, hardness, DOC, and inerganic substances such as MINTEQ (Brown and Allison,
1987), WHAM (Tipping, 1994) and CHESS (Santore and Driscoll, 1995) can be used to calculate
the uncomplexed and complexed fractions of the metal ions. Alternatively, the Biotic Ligand Model
(BLM), allows for the calculation of the concentration of metal ion responsible for the toxic effect at
the level of the organism. The BLM meodel has at present only been validated for a lintited number
of metals, organisms, and end-points (Santore and Di Toro, 1999). The niodels and forimila used for
the characterisation of metal complexation in the media should always be clearly reported, allowing
for their translation back to natural environments (QECD, 2000).

722  Interpretation of selubility data
302. When considering the available data on solubility, their validity and applicability to the

identification of the hazard of metal compounds should be assessed. In particular, a knowledge of
the pH at which the data were generated should be known,
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Assessment of existing data

303. Existing data will be in one of three forms. For some well-studied metals, there will be
solubility products and/or solubility data for the various inerganic metal compounds. It is also
possible that the pH relationship of the solubility will be known. However, for many metals or
metal compounds, it is probable that the available inforination will be descriptive ouly, e.g., poorly
soluble. Unfortunately there appears to be very little (consistent) guidance about the solubility
ranges for such descriptive terms. ‘Where these are the only information available it is probable that
solubility data will need to be generated using the Transformation/Bissolution Protocel.

Screening test for assessing solubility of metal conponuds

304. In the abscnce of solubility data, a simple “Screening Test” for assessing solubility, based
on the high rate of loading for 24 h can be used for metal compounds as described in the
Transformation/Dissolution Protocol. The function of the screening test is to identify those metal
compounds which underge ecither dissolution or rapid transformation such that they are
indistinguishable from soluble forms and hence inay be classified based on the dissolved ion
concentration. Where data are available from the screening test detailed in the
Transformation/Dissolution Protocol, the maximum solubility obtained over the tested pH range
should be used. Where data are not available over the full pH range, a clieck sliould be made that
this maximum solubility has been achieved by reference to suitable thermodynamic speciation
1nodels or other sujtable methods (see paragraph 301). It should be noted that this test is ouly
intended to be used for metal compounds,

Full test for assessing solubility of metals and metal compounds

305. The first step in this part of the study is, as with the sereening test, an assessment of the
pH(s) at which the study should be conducted. Normally, the Full Test should have been carried out
at the pH that maximises the concentration of dissolved metal ions in solution. In such cases, the pH
may be chosen following the same guidance as given for the screening test.

308, Based on the data from the Full Test, it is possible to generate a concentration of the metal
ions in solutien after 7 days for cach of the threc loadings (i.c., 1 mg/L as “low™, 10 mg/L. as
“medium” and 100mg/L as *high™} used in the test. If the purpose of tlie test is to assess the long-
term hazard of the substance, then the test at the low loading may be extended to 28 days, at an
appropriate pH.

723 Comparison of aquatic toxicity data and solubility data

307. A decision whether or not the substance be ¢lassified will be made by comparing aquatic
toxicity data and solubility data. If the I{E)Csq is excecded, irrespective of whether the toxicity and
dissolution data arc at the same pH and if this is the only data available then the substance should be
classified. If other solubility data are available to show that the disselution concentration would not
cxceed the L{E)Cs, across the entire pH range then the substance should not be classificd on its
soluble form. This may involve the use of additional data either from ecotoxicological testing or
from applicable bioavailability-cffect inodels.
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73 ASSESSMENT OF ENVIRONMENTAL TRANSFORMATION

308. Environmental transformation of one species of a metal to another species of the same
docs not constitute degradation as applied to organic compounds and may increase or decrease thic
availability and bicavailability of the toxic species. However as a result of naturally eccurring
geochemical processes metal ions can partition from the water column, Data on water column
residence time, the processes involved at the water - sediment interface (i.e., deposition and re-
mobilisation) are fairly extensive, but have not been integrated into a neaningful database.
Nevertheless, using the principles and assumptions discussed above in Section 7.1, it may be
possible to incorporate this approach into classification,

309. Such assessments are very difficult to give guidance for and will normally be addressed on
a case by case appreach. However, the following may be taken inte account:

» Changes in speciation if they arc to non-available fonmns, however, the potential for
the reverse change to eccur must also be considered;

s (Changes to a2 metal compound which is considerably less soluble than that of the metal
compound being congidered.

Somg caution is recominended, see paragraph 293 and 294.

74 BIOACCUMYLATION

310. Wlhile log K, is a good predictor of BCF for certain types of organic compounds ¢.g.,
nen-polar organic substanccs, it is of course irrclevant for inorganic substances such as inorganic
metal compounds.

3L The mechanisms for uptake and depuration rates of metals are very complex and variable
and there is at present no general model to describe this. Instead the bicaccumulaton of metals
according te the classification criteria should be evaluated on 2 case by case basis using expert
Judgement.

31z While BCFs are indicative of the potential for bioaccwnulation there may be a number of
complications in interpreting measured BCF values for metals and inorganic metal compounds. For
soine metals and inorganic metal compounds the relationship between water concentration and BCF
in some aguatic organisms is inverse, and bipconcentration data should be used with care, This is
particularly relevant for metals that are biologically essential. Metals that are biolegically essential
are actively regulated in organisms in which the metal is essential, Since nutritional requirement of
the organisms can be higher than the environmental concentration, this active regulation can results
in high BCFs and an inversc relationship between BCFs and the concentration of the metal in water.
When environmental concentrations are low, high BCFs may be expected as a natural consequence
of metal uptake 10 meet nutritional requirements and in these instances can be viewed as a normal
phenomenon. Additionally, if internal concentration is regulated by the organism, then measured
BCFs may dccline as external concentration increases. When external concentrations are so high
that they exceed a threshiold level or overwhelm the regulatory mechanism, this can cause harm to
the organism. Also, while 2 metal may be ¢ssential in a particular organism, it may not be essential
in other organisms.  Therefore, where the metzl is not essential or when the bioconcentration of an
cssential metal is above nutritional levels special cousideration should be given to the potential for
bioconcentration and environmental concern.
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7.5 APPLICATION OF CLASSIFICATION CRITERIA TO METALS AND METAL
COMPOUNDS

7.5.1 Introduction to the classification strategy for metals and metal compounds

313 The schemes for the classification of metals and metal compounds are described below
and summarised diagrammatically in Figure 1. Tlere are several stages in these schemes where data
arc used for decision purposes. 1t is not the intention of the classification schemes to generate new
data, In the absence of valid data, it will be necessary to use all available data and expert
Jjudgement.

In the following sections, the reference to the L{E)Cse refers to the data point(s) that will be used to
sclect the classification band for the metal or metal compound.

314 When considering L(E)Cso data for metal compounds, it is important to ensure that the
data point to be used as the justification for the classification is expressed in the weight of the
molecule of the metal compound to be classified. This is known as correcting for molecular weight.
Thus while most metal data is expressed in, for example, mmg/L of the metal, this value will need to
be adjusted to the corresponding weight of the metal compound. Thus:

L(E)YCsp metal compounds
= L(E)Cso of metal x (Molecular Weight of mictal compound/Atomic Weight of metal)

NOEC data may alse need to be adjusted to the correspouding weight of the metal conpounds.
752 Classification Strategy for Metals

315, Where the L(E)Csp for the metal ions of concern is greater than 100mg/L, the metals nced
not be considered funther in the classification sclieme.

316. Where the L(E}Cs for the metal ions of coucern is less thian or equal to 100mg/L,
consideration must be given to the data available on the rate and extent to whiclh these ions can be
generated from the metal. Such data, to be valid and useable should liave been generated using the
Transfonnation/Dissolution Protocol.

317. Where such data are unavailable, i.e., there is no clear data of sufficient validity to show
that the transfonnation to metal ions will not eccur, the safety net classification (Chronic FV) should
be applied since the known elassifiable toxicity of these soluble forms is considered to produce
sufficient concern,

318. Where data from dissolution protocol afc available, then, the results should be used to aid
classification according to the following rules:

7 day Transformation Test

319. If the dissolved meial ion concentration after a period of 7 days {or earlier) exceeds that of
the L{E)Cso, then the defanlt classification for the metals is replaced by the following classification:

i) Ifthe dissolved metal ion concentration at the low loading rate is greater than or equal
to the L{E)Cse, theu ¢lassify Acute Category L. Classify also as Chronic Category 1,
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unless there is evidence of both rapid partitioning from the water column and no
bicaccumulation;

ii} if the dissolved metal ion concentration at the inedium loading rate is greater than or
equal to the L{E}Csq, then classify Acute Category II. Classify also as Clirenic
Category I unless there is evidence of both rapid partitioning from the water celumn
and no bioaccumulation;

ifi) If the dissolved 1netal ion concentration at the higl loading rate is greater than or
equal to the L(E)Csq, then classify Acute Category III. Classify also as Chronic
Category IE unless there is evidence of both rapid partitioning froni the water colamn
and no bioaccumulation.

28 day Transformation Test

320. If the process described in paragrapl 319 results in the classification of Chronic I, no
further assessment is required, as the nietal will be classified irrespective of any further information.

321 In all other cases, further data may have been generatcd Hirough the
dissolution/transfonnation test in order to show that the classification may be amended. If for
substances classified Chrouic II, IIT or IV, the dissolved 1netal ion concentration at the low loading
rate after a total period of 28 days is less than or equal to the of the long-term NOECs, then the
classification is removed.

7.5.3 Classification strategy for metal compeounds

322, Where the L(EYCsy for the metal ions of concern is greater than 100mg/L, the metal
compounds need not be considered further in the classification scheme.

If solnbility = L{E)Csp, classify on the basis of soluble ion

323. All metal compounds with 2 water sclubility (either measured e.g., through 24-hour
Dissolution Screening test or estimated e.g., from the solubility product) greater or equal to the
L(E)Cso of the dissolved imetal ion concentration are considered as readily soluble mectal
compouuds. Care should be exercised for compounds whose selubility is close to the acute toxicity
value as the conditions under which sofubility is measured could differ significantly from those of
the acute toxicity test. In these cases the results of the Disselution Screening Test are preferred.

324, Readily secluble metal compounds are classified on the basis of the L{E)}Csq (cormrected
wliere necessary for molecular weight):

1}  Ifthe L(E)Cs of the dissolved metal ion is less than or equal to 1 mg/L then classify
Acute Catcgory L Classify also as Chronic I unless there is cvidence of both rapid
pattitioning from the water columm and no bioaccumulation;

i} Ifthe L(E)Csp of the dissolved metal ion is greater than 1 mg/L but less than or equal
to 10 ing/L then classify Acute Category Ii. Classify also as Chronic If unless there is
evidence of both rapid partitioning from the water colunm and no bioaccumulation;

i) If the L(E)Csy of the dissolved uetal ion is greater than 10 mg/L and less than or
equal to 100 mg/L then classify Acute Category HI, Classify also as Chronic
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Category 11 unless there is evidence of both rapid partitioning from the water column
and no bipaccumulation.

If solubility <L{E)Cs, classify defanlt Chronic IV

32s. In the context of the classification criteria, poorly soluble compounds of metals are defined
as those with a known solubility (either measured e.g., through 24-hour Dissolution Sereening test
or estimated e¢.g., from the solubility product} less than the L{(E)Cso of the soluble metal ien. In
those cases when the soluble forms of the metal of poorly soluble metal compounds have a L{E)Csg
less than or cqual to 100 mg/L. and the substance can be considered as poorly soluble the default
safety net classification (Chronic [V) should be applicd,

7 day Trangformation Test

326, For poorly seluble metal compounds classified with the default safety net classification
further information that may be available from the 7-day transformation/dissclution test can also be
nsed. Such data should include transformation levels at low, medium and high loading levels.

327. If the dissolved metal ion concentration after a period of 7 days (or carlier) exceeds that of
the L{E)}Csq, then the defanli classification for the metals is replaced by the following classification:

i}  If the dissolved metal ion concentration at the low loading raie is greater than or equal
to the L{E)Csp, then classify Acule Category 1. Classify also as Chronic Category 1,
unless there is evidence of both rapid partitioning from the water column and no
bivaccumulation;

iiy Ifthe dissolved metal ion concentration at the medium loading rate is greater than or
equal to the L(E)Cs, then classify Acute Category i, Classify also as Chronic
Category II unless there is evidence of both rapid partitioning from the water column
and no bipaccumulation;

i1} 1f the dissolved metal ion concentration at the high loading rate is greater than or
equal to the L{E)Csq, then classify Acute Category II]. Classify also as Chronic
Category 11l unless there is evidence of both rapid partitioning from the water column
and no bicaccumulation.

28 day Transformation Test

328,  Ifthc process described in paragraph 327 resnlts in the classifieation of Chronic I, no further
assessment is required as the metal compound will be classified irrespective of any further
information.

329. In all other cases, firther data, may have been generated through the
dissolution/transfonnation test for 2§ days in order to show that the classification may be amended.
If for poorly scluble metal compounds classified as Chronic II, I or TV, the dissolved metal ion
concentration at the low loading rate affer a total period of 28 days is less than or equal to the long-
terma NOECs, then classification is removed.

7.5.4 Particle size and surface area
330.  Particle size, or moreover surface area, 1s a crucial parameter in that any variation in the size

or surface arca tested way cause a significant change in the levels of metals ions released in a given
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time~window, Thus, this particle size or surface area is fixed for the purposes of the transformation
test, allowing the comparative classifications to be based solely on the loading level. Nommally, the
classification data generated would hiave used the smallest particle size marketed to determine the
extent of transformation. There may be cases where data generated for a particular metal powder is
not cousidered as suitable for classification of the massive forms. For example, where it can be
shown that the tested powder is structurally a different material (e.g., different crystallographic
structure) and/or it has been produced by a special process and cannot be generated from the
massive metal, classification of the massive can be based on testing of a more representative particle
size or surface arca, if sucl data are available. The powder may be classified separately based on
the data generated on the powder. However, in normal circumstances it is not anticipated that more
than two classification proposals would be made for the same metal.

331.  Metals with a particle size smaller than the default diameter value of 1 mm can be tested on
a case-by-case basis. One example of this is where metal powders arc produced by a different
production technique or where the powders give rise to a higher dissolution (or reaction} rate than
the massive form leading to a more stringent classification.

332. The particle sizes tested depend on the substance being assessed and are shown in the tabie
below:
Type Particle size Comments
Metal compouads  Smallest representative Never larger than I mm
size sold
Metals — powders Smallest representative May need to consider different sources if
size sokd yielding different crystallographic /
morphologic properties
Mectals — massive 1 mm Default value may be altered if sufficient
justification
333. For some formms of metals, it may be possible, using the Transformation/Dissolution

Protocel (OECD 2041}, to obtain a correlation between the concentration of the metal ion after 2
specified time interval as a function of the surface area loadings of the forms tested. In such cases,
it could then be possible to estimate the level of dissolved metal ion concentration of the metal with
diffcrent particles, using the critical surface arca approach as proposed by Skeaft ef. i, (2004). That
is, from this correlation and a linkage to the appropriatc toxicity data, it may be possible to
determine a eritical surface arca of the substance that delivers the L{E}Csg to the medium and then to
convert the critical surface area to the low, medium and high mass loadings used in hazard
identification. While this approach is not normally nsed for classification it may provide useful
information for labelling and downstream deeisions.
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FIGURE I: Classification Strategy for metals and metal compounds

Metals or metal compounds
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NO (metals) i NO (metal compounds)
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> L(E)C,, of dissolved form
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weight (See paragraph 314)
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v v
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Concentration at low YES
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APPENDIX

PURPOSE, BASIS AND APPLICABILITY

1. The harmonised system for classifying chemical substances for the hazards they present to
the aquatic cnvironment is based on a consideration of the existing systeins listed below. The
aquatic environment may be considered in tenus of the aquatic organisms that live in the water, and
the aquatie ccosystein of which they are part. To that extent, the proposal dees not address aquatic
pollutants for, which there may be a need to consider cffccts beyond the aquatic environment such
as the impacts on hwnan health ete. The basis, thercfore, of tlie identification of hazard is the
aquatic toxicity of the substance, although this may be inodified by further information on the
degradation and bioaccumulation behaviour.

2. The proposed system is intended specifically for use with chemical substances and is not
intended at this stage to cover preparations or other mixtures such as formulated pesticides, Its
application to mixtures is deferred to the OECD Working Group on Mixtures. While the sclieme is
intended to apply to all substances, it is recognised that for some substances, e.g. metals, poorly
soluble substances etc., special guidance will be necessary. A Guidance Document will thus be
prepared to cover issues such as data interpretation and the application of the criteria defined below
to such groups of substances. Considering the complexity of this endpoint and the breadth of the
application of the system, the Guidauce Document is considered an important element in the
operation of the harmonised scheme,

3. Consideration has been given to existing classification systems as currently in use,
including the EU Supply and Use Scheme, the revised GESAMP hazard evaluation procedure, IMO
Scheme for Marinc Pollutant, the Eurepean Road and Rail Transport Scheme (REMADR]), the
Canadian and US Pesticide systems and the US Land Transport Scheme. The harmonised scheme is
considered suitable for use for packaged goods in both supply and use and multimodal transport
schemes, and elemnents of it may be used for bulk land transport and bulk marine transport under
MARPOL 73/78 Annex Il insofar as this uses aquatic toxicity,

DEFINITIONS AND DATA REQUIREMENTS

4, The basic elements for use within the lhiarmonised system are:
acute aquatic toxicity;

potential for or actual bioaccumulation;

degradation (biotic or abiotic} for organic chemicals; aud
chronic aquatic toxicity. '

3. While data from internationally harmonised test methods are preferred, in practice, data
from naiional methods may also be used where they are considered as equivalent. In general, it has
been agreed that freshwater and marine speeies toxicity data ean be considered as cquivalent data
and are preferably to be derived using OECD Test Guidelines or equivalent according to the
principles of GLP. Where such data are not available classification should be based on the best
available data.
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Acute toxicity

6. Acute aquatic toxicity would normally be determined using a fish 96 hour L.Cs, (OECD
Test Guideline 203 or equivalent), a crustacea species 48 hour ECsy (OECD Test Guideline 202 or
equivalent) and/or an algal species 72 or 96 hour ECsy {OECD Test Guideline 201 or equivalent).
These species are considered as surrogate for all aguatic organisms and data on other species such as
L.emna may also be considered if the test methodology is suitable.

Bisaccumulation potential

7. The potential for bicaccumulation wouid normally be determined by using the
octanol/water partition coefficient, usuaily reported as a log Kow determined by OECD Test
Guideline 107 or 117. While this represents a potential to bioaccumulate, an experimentally
determined Bioconcentration Factor (BCF) provides a better measure and should be used in
preference when avaijable. A BCF should be determined according to OECD Test Guideline 305,

Rapid degradability

8. Environmental degradation niay be biotic or abiotic (¢.g. hydrolysis} and the criteria used
reflect this fact (Annex ). Ready biodegradation can most easily be defined using the OECD
biodegradability tests OECD Test Guideline 301 (A - F). A pass level in these tests can be
considered as indicative of rapid degradation in most environnients, These are freshwater tests and
thus the use of the results from OECD Test Guideline 306, which is niore suitable for marne
environments, las also been included. Where such data are not available, a BOD(5 days)/COD ratio
>0.5 is considered as indicative of rapid degradation.

9. Abiotic degradation such as hydrolysis, primary degradation, both abiotic and biotie,
degradation in non-aquatic media and proven rapid degradation in the environment may all be
considered I defining rapid degradability. Special guidance on data interpretation will be provided
in the Guidance Document,

Chronic toxicity

10. Chronic toxicity data are less available than acute data and the range of testing procedures
less standardised. Data generated according to the OECD Test Guidelines 210 {Fish Early Life
Stage), 202 Part 2 or 211 (Daphnia Reproduction) and 201 (Algal Growth Inhibition) can be
accepted, Other validated and internationally accepted tests could also be used. The NOECs or
other equivalent L(E)Cx should be used.

CLASSIFICATION CATEGORIES AND CRITERIA
11. Substances classified under the following eriteria will be catcgorised. as *hazardous to the

aquatic envirominent’. These criteria describe in detaii the classification categorics detailed
diagrammatically in Armex 2 to Appendix.
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Acute toxicity

Category: Acute]

Acute toxicity:
96 hr LCsy {for fish) <l mg/L and/or
48 hr ECy (for crustacea) <l mg/L and/or
72 or 96hr ErCsq (for algae or other aquatic plants) <1 mg/L.

Category: Acute I may be subdivided for some regulatory systems to include a lower band at
L{E}Cs50=0.1 mg/L.

Category: Acute I

Acute toxicity:
96 hr LCsp (for fish) >1 - <18 mg/L andfor
48 hr ECsg (for crustacea) >] - 210 mg/L and/or
72 or 96hr ErCs, {for algae or other aquatic plants) >]1-=10 mg/L.

Categorv: Acute JEH
Acute toxicity:

96 hr L.Cy (for fish) >10 - <100 mg/. and/or
48 hr EC;sy (for crustacea) >10 - <100 mg/L. and/or
72 or 96hr ErCso (for algae or other aquatic plants) >10 - <100 mg/L.

Some regulatory systems may extend this range beyond an L(E)Csy of 100 ing/L through the
introduction of another category.

Chronic toxicity

Category: Chronic I
Acute toxicity:

96 hr LCs (for fish) <1 mg/L and/or
48 hr ECy (for crustaces) <1 mg/L and/or
72 or 96hr ErCs, (for algac or other aquatic plants) <] mg/L

and the substance is not rapidly degradable and/or the log Kow = 4 {unless the experimentally
determined BCF <500},

Categorv: Chronic JE
Acute toxicity

86 hr LCsp (for fish) >] 0 £10 mg/L and/or
48 hr ECsp (for crustacesa) >1 to €18 mg/l andfor
72 or 961w ErCs, (for algac or other aquatic plants) >] o €10 mg/L

and the substance is not rapidly degradable and/or the log Kow 24 (unless the experimentally
determined BCF <500), unless the chronic toxicity NOECs are > | mg/L.

Categorv: Chronic ITf
Agute toxicity:

96 hr LCsy (for fish) >10 to €100 mg/L and/or
48 hr ECsy (for crustacea) >10 to €100 mg/L and/or
72 or 96hr ErCso (for algae or other aquatic plants) >10 to <100 mg/L

and tlie substance is not rapidly degradable and/or the log Kow 24 (unless the experimentally
determined BCF <500) unless the chronic toxicity NOECs are >1 ng/L.
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Catcgory: Chronic IV
Poorly solubic substances for which no acute toxicity Is rccorded at levels up to the water

solubility, and whiclt are not rapidly degradable and have a log Kow 2 4, indicating a potential to
bioaccumulate, will be classified in this category unless other scientific evidence exisis showing
classification to be unnecessary, Such evidence would include an experimentally determined BCF

<300, or a chronic toxicity NOECs >1 mg/L, or evidence of rapid degradation in the environment.

RATIONALE FOR THE SYSTEM

12, The system for classification recognises that the core intrinsic hazard to aquatic organisms
is represented by both tlic acute and chronic toxicity of a substance, the relative importance of which
is determined by the specific regulatory system in operation. Distinction can be made between the
acute hazard and tlte chronic Liazard and therefore separate hazard categories are defined for both
properties representing a gradation in the level of hazard identified. The lowest of the available
toxicity values will normatly be used to define the appropriate liazard class(es). There may be
cireumstances, however, when a weight of evidence approach may be used. Acute toxicity data are
the most readily available and the tests used are the most standardised, For that reason, these data
form the core of the classification systein.

13, Acute toxicity represents a key property in defining the hazard where transport of large
quantities of a substance may give rise to short-term dangers arising from accidents or major
spillages. Hazard categories up to L{E)Cs; values of 100 mg/L are thus defined although categories
up to 1000 mg/lL may be used in certain regulatory frameworks. The Acute: Category I may be
further sub-divided to inclnde an additienal category for acute toxicity L{E)Csy <0.1 mg/L in certain
regulatory systems such as that defined by MARPOL 73/78 Annex L. It is anticipated that their use
would be restricted to regulatory systems concerning bulk transport,

14. For packaged substances it is considered that the principal hazard is defined by chronic
toxicity, although acute toxicity at L(E)Cse levels £1 mg/L are also considered hazardous. Levels of
substances up to | ing/L. are considered as possible in the aquatic environment following normal use
and disposal. At toxicity levels above this, it is considered that the short-term toxicity itself docs not
describe the principle hazard, which arises from low concentrations causing effects over a longer
time scale. Thus, a number of hazard categories are defined which are based on levels of chronic
aquatic toxicity. Chronic toxicity data are not available for many substances, however, and it is
necessary to use the available data on acute toxicity to estimate this property. The intrinsic
properties of a lack of rapid degradability and/or a potential to bioconcentrate in combination with
acute toxicity may be used to assign a substance to a chronic hazard category. Where chronic
toxicity is available showing NOECs >1 mg/L., this would indicate that no classification in 2 chronic
hazard category would be necessary. Equally, for substances with an L(E)Cs >100 mg/L, the
toxicity is considered as insufficient to warrant classification in most regulatory systems.

15. While the current system will continue to rely on the use of acute toxicity data in
combination with a lack of rapid degradation and/or 2 potential to bioaccumulate as the basis for
classification for assiguing a clironic hazard category, it is recognised that actual chronic toxicity
data would form a better basis for classification where these data are available, It is thus the
intention that the scheme sltould be further developed to accommodate such data. It is anticipated
that in such a further development, the available chronic toxicity data would be used to classify in
the chronic liazard in preference to that derived froun thieir acute toxicity in combination with a lack
of rapid degradation and/or a potential to bicaccumulate,
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16. Recognition is given to the classification goals of MARPOL 73/78 Annex Il that covers
the transport of bulk guantities in ship tanks, which are aimed at regulating operational discharges
from ships and assigning of suitable ship types. They go beyond that of protecting aquatic
ecosystems, although that clearly is included. Additional hazard categories may thus be used which
take account of factors such as physico-chemical properties and mammalian toxicity.

EXPLANATORY NOTES

17. The organisms fish, crustacca and algac are tested as swrogate species covering a range of
trophic levels and taxa, and the test methods are highly standardised. Data on other organisms may
also be considered, however, provided they represent equivalent species and test endpoints. The
algal growth inhibition test is a chronic test but the ECs is treated as an acute value for
classification purposes. This ECsp should normally be based on growth rate inhibition. If only the
ECs based on reduction in biomass is available, or it is not indicated which ECs, is reported, this
value may be used in the same way.,

18. Aquatic toxicily testing by its nature, involves the dissolution of the subsiance under test
in the water media used and the maintenance of a stable bioavailable exposure concentration over
the course of the test. Some substances are difficult to test under standard procedurcs and thus
special guidance will be developed on data interpretation for these substances and how the data
should be used when applying the classification criteria.

19, It is the bicaccumulation of substances within the aquatic organisins that can give rise to
toxic effects over longer time scales even when actual water concentrations are low. The potentiaf
to bicaccumulate is determined by the partitioning between n-octanol and water. The relationship
between the partition coefficient of an organic substance and its bioconcentration as measured by
the BCF in fish has considerable scigntific literature support, Using a cut-off value of log P(o/w) =
4 is intended to identify only those substances with 2 real potential to bioconcentrate. In recognition
that the log P(o/w} is only an imperfect surrogate for a measured BCF, such a measured value would
always take precedence. A BCF in fish of <500 is considered as indicative of a low level of
bioconcentration.

20, Substances that rapidly degrade can be quickly removed from the eavironment. While
cffeets can occur, particularly in the event of a spillage or accident, they will be localiscd and of
short duration. The absence of rapid degradation in the environment can mean that a substace in
the water has the potential to exert toxicity over a wide temporal and spatial scale. One way of
demenstrating rapid degradation utilises the biodegradation screening tests designed to determine
whether a substance is ‘readily biodegradable’ Thus a substance, which passes this screcning test,
is one that is likely to biodegrade “rapidly’ in the aquatic environment, and is thus unlikely to be
persistent. However, a fail in the screening test does not necessarily mean that the substance will
not degrade rapidly in the environment. Thus a further criterion was added which would allow the
use of data to show that the substance did actually degrade biotically or abiotically in the aquatic
environment by >70% in 28 days. Thus, if degradation could be demonstrated under
environmentally realistic conditions, then the definition of ‘rapid degradability’ would liave been
met. Many degradation data are available in the forin of degradation half-lives and these can also be
used i defining rapid degradation, Details regarding the iuterpretation of these data will be further
elaborated iu the Guidance Document. Some tests measure the ultimate biodegradation of the
substance, i.c., full mineralisation is achieved. Primary biodegradation would not normally qualify
in thie assessment of rapid degradability unless it can be demonstrated that the degradation products
do not fulfil the criteria for classification as hazardous to the aquatic environment.
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21, It must be recognised that environmental degradation may be biotic or abiotic {e.g.
hydrolysis) and the criteria used reflect this fact. Equally, it must be recognised that failing the
ready biodegradability criteria in the OECD tests does not mean that the substance wiil not be
degraded rapidly in the real environment. Thus where such rapid degradation can be shown, the
substance should be considered as rapidly degradable. Hydrolysis can be considered if the
hydrolysis products do not fulfil the criterda for classification as hazardous to the aguatic
environment, A specific definition of rapid degradability is included as Annex 1. Otlier evidence of
rapid degradation in the environment may also be considered and may be of particular importance
where the substances are inhibitory to microbial activity at the concentration levels used in standard
testing. The range of available data and guidance on its interpretation will be provided in the
Guidance Document.

22. For inorganic cempounds and metals, the concept of degradability as applied to organic
compounds has limited or no meaning. Rather the substance may be transformed by normal
environmental processes to eitlier increase or decrcase the bioavailability of the toxic species,
Equally the use of bioaccumulation data should be treated with care. Specific guidance will be
provided on how these data for such materials may be wsed in 1nceting the requircments of the
clagsification criteria.

23 Poorly soluble inorganie compounds and metals may be acutely or chronically toxic in the
aquatic cnvironment depending on the intrinsic toxicity of the bioavailable inorganic specics and the
rate and amount of this species which may enter solution. A protocol for testing these poorly
soluble matcrials is being developed and will be covered further in the special guidance.

24, The system also introduces as “safety net’ classification (Category: Chronic IV} for usc
when the data available does not allow classification under the formal criteria but there are
nevertlieless some grounds for concern, The precise criteria are not defined with one exception. For
poorly water-soluble organic substances for which no toxicity has been demonstrated, classification
can occur if the substance is both not rapidly degraded and has a potential to bicaccumulate. It is
considered that for such poorly soluble substances, the toxicity may not have been adequately
assessed in the short-term test due to the low exposure levels and potentially slow uptake into the
organism. The need for this classification can be negated by demonstrating the absence of long-
term effects, i.e., a long-term NOECs > water solubility or 1 mg/L, or rapid degradation in the
environment.

25. While experimentally derived test data are preferred, where no experimental data are
available, validated Quantitative Structure Activity Relationships (QSARs) for aquatic toxicity and
log Kow may be used in the classification process. Such validated QSARs may be used without
medification to the agreed criteria, if restricted to chemicals for which their mode of action and
applicability are well characterised. Validity may be judged according to the criteria established
within the USEPA/EU/Japan Collaborative Project. Reliable calculated texicity and log Kow values
shiould be valuable in the safety net context. QSARs for predicting ready biodegradation are not yct
sufficiently accurate to prediet rapid degradation.
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ANNEX 1 to Appendix 2
RAPID DEGRADABILITY

Substances are considered rapidly degradable in the environment if the following criteria
hold true:

a) if in 28-day ready biodegradation studies, the following levels of degradation are
achieved;

+ tests based on dissolved organic carbon: 70%

s tests based on oxygen depletion or carbon dioxide generation: 60% of theoretical
maxima

These levels of biodegradation st be achieved within 10 days of the start of degradation
which point is taken as the time when 10% of the substance kas been degraded.

or

b}  if, in thosc cases where only BOD and COD data are available, when the ratio of
BOD5/COD 1s20.5

or
c) if other convincing scientific evidence is available to demonstrate that the substance

can be degraded (biotically and/or abiotically} in the aquatic environment to a level >70%
within a 28 day period.
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ANNEX 2 to Appendix 2
Classification Scheme for Substances Hazardous to the Aquatic Environment
Toxicity Degradability Bicaccumulation Classification categories
(note 3) {note 4)
Acutc Chroric .
motc 1) (note 2) Acute Chronic
iBox 1 Box 5 Box 6 Categary: Caiegory:
value < 1.00 Acute ] Chropicd
Box 1 Boxes 145+6
Boxes 1+5
Boxcs 16
Box 2 Catepory: Category:
100 < value lack of rapid BCF > 500 or, Acute lf Chronle 11
<100 degradability if absent Box2 Boyes 2+5+6
log Kow= 4 Boxcs 2+5
Boxes 2+5
Unless Box 7
Box 3 iCategory: Category:
10.0 < value Acute 111 Chronic 1]
£ 100 Box 3 Boxes 3+5+6
Boxes 3+5
Boxes 3+0
Untess Box 7
Box 4 Box ¥ Category:
Q acuie value > 1.00 Chronic IV
toxicily (note 5) Boxes 44546
Unless Box 7

Nmes 1o the tabie

Note 1a.

Note 1b

Nete 2a.

Note 2b.
Note 3.

Note 4.

Nute 3,

Acute toxicity band based on L{E)C-50 values in mg/L for fish, erusiacea and/or algae or other aguatic planis
(or QSAR estination if no experimental data)

Where the algal toxieity ErC-50 { = EC-50 (growtb rate)] falls more thun 100 times below the next most
sensitive species and resulis in a classification based solely on this cffect, consideration should be gven to
whether this toxicity is representative of the toxicity to aguatic plants. Where it can be shown that this is not
the case, professional judgemens should be used in deciding if elassificaion should be applied. Classification
should be based on the ErC-50. 1n circumstances where the basis of the EC-50 is not specified and no EC-50
is recorded, classification should be based on the lowest EC-50 available.

Chronie toxicity band based on NOEC values in img/L for fish or erustacea or other recognised measures for
long-term toxicity.

N is the intention that the system be further doveloped to include chronic toxicity data.

Lack of rapid degradability is based on cither a fack of Ready Biodegradability or other evidence of lack of
rapid degradation.

Potential 10 bicaccumulaie, based on an experimentally derived BCF 2 500 or, if absent, a log Kow 2 4
provided log Kuw is an appropriate descriptor for the bivaccumulation potential of the substance. Measured
log Kow values take precedence over cstimated values aml measured BCF values 1ake precedence over log
Kow valucs.

“No acute toxicity” is taken 1o mean that the L{EYC-50 is above the water solubility. Also for poorly soluble
substances, {w.s. < .00 mg/L), where there is evidence that the acute test would nor have provided a true
wmeasure of the intrinsic ioxicity,

233

372



ENV/IM/MONO(2001)6

234

373



ENV/AM/MONG(2001)6

OECD Environment, Health and Safety Publications

Series on Testing and Assessment

Ne. 29

Draft Guidanece Document on Transformation/Dissolution
of Metals and Metal Compounds in Aqueous Media

Environment Directorate

ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT
Paris

April 2001

235

374



ENV/AIM/MONO({2001}6

FOREWORD

As part of a wider international effort on the global harmonisation of hazard classification
systems, agreement was reached in the technical working groups on a set of criteria that would forin
the basis of a global scheme for classifying substances hazardous to the aquatic environment. Such
sclieme forms past of an international agreement on hazard classification of substances. The criteria
were endorsed by the Joint Meeting of the OECD in November 1998 and form part of the Globally
Harmonised Classification System (GHS) which will be implemented under ECOSOC in 2001. In
developing the criteria, it was agreed that thie detail nceded to properly define the hazard to the
environment resulted in a complex system for which some suitable guidance would be necessary.
The hanonised proposal makes a number of references to a Guidance Document in the detailed
explanation of the scheme. This Guidance docuuent has been publislied in the Environnient, Health
and Safety Serics on testing and Assessnient as Docutnent no 27.

In the Guidance Document a chapter {Chapter 7} is dedicated to tlie classification of
metals and metal compounds. One of the major issues in this chapter is the bio-availability of
metals and/or metal conpounds. An OECD Workshop on Aquatic Texicity Testing of Sparingly
Soluble Metals, Inorganic Mctal Compounds and Mincrals” held in Ottawa in 1995 addressed this
issuc and concluded that a protocol on the transformation/dissolution of metals and metal
conponnds in aquatic nmedia should be developed. The Mctals Working Group took the lead in
developing this protocol, until the group was merged with the Expert Group on Agquatic
Environmental Hazards in March 2000. At the 6" Meetiug of the newly formned Extended Expert
Group on Aquatic Environmental Hazards it was agreed that the protocol which was then in its final
stapes of development shionld be prepared as a separate docuinent.

This document is the cutcowe of the work undentaken by an ad-hoc Expert Group
established under the Extended Expert Group.

Tlie current protocol, as inclided in this Guidance Document is currently being considered
for formal international validation. Therefore, it may be subject to changes depending on the
outcome of the validation work and, therefore, will be revisited after completion of that exercise, if
needed.
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INTRODUCTION

1. This Test Guidance is designed to determine the rate and extent to which metals and
sparingly soluble metal compounds can produce soluble available iouic and other metal-bearing
species in aqueous media under a set of standard laboratory conditions representative of those gener-
ally cccurring in the environment. Once determined, this information can be used to evaluate the
short term and long term aquatic toxicity of the nietal or sparingly seluble 1netal compound from
which the soluble species came, This Test Guidance is the outcome of an intemational effort under
the OECD to develop an approach for the toxicity testing and data interpretation of metals and
sparingly solyble inorganic metal compounds (SSEMs) [ref to Ottawa workshop (1) and to Chapter 7
of the Guidance documient]. As a result of recent meetings and discussions [references 1,2,3.4 +
Chapter 7} held within the OECD and EU, the experimental work on several metals and metal
compounds upon which this Test Guidance is based has been conducted and reported [references 5
to 11}.

2, The evaluation of the shert term and long term aquatic foxicity of metals and spaningly
soluble metal compounds is to be accomplished by comparison of (a) the concentration of the metal
ion in solution, produced during transformation or dissolution in 4 standard aqueous medium with
(b) appropriate standard ecotoxicity data as determined with the soluble metal salt (acute and
¢lironic values), This document gives guidance for performing the transformation/dissolution tests.
The strategy to derive an envircnmental hazard classification using the results of the
dissolution/transformation protocol is not within the scope of this Guidance document and can be
found clsewhere (ref. to Chapter 7 of the Guidance document).

3. For this Test Guidance, the transformations of metals and sparingly soluble metal com-
pounds arg, within the context of the test, defincd and characteriscd as follows :

(1) metals, M" , in their clemental state arc not soluble in water but may transforn1 to yield the
available form. This means that 2 metal in the elemental state may react with the media to form
soluble cationic eranionic products, and in the process the metal will oxidise, or transforni, from
the neutral or zero oxidation state to 2 higher one,

(2) in a simple mctal compouud, such as an oxide or sulphide, the mctal already exists in an
oxidised state, so that further metal oxidation is nnlikely to occur when the conpound is intro-
duced into an aqucous medinm. However, while oxidisation state may not change, interaction
withh the media may yicld more soluble forms. A spariugly soluble metal compound cau be
considered as one for which 2 solubility product can be calculated, and which will yield small
amount of the available form by dissclution. However, it should be rccognised that the final
solution concentration may be influenced by & numiber of factors, including the solubility product
of some metal conipounds precipitated during the trausformation/disselution test, e.g. aluminiom
hydroxide.

PRINCIPLES

4, This Test Guidance is intended to be a standard laboratory transformation/ dissolution
protocol based on a simple experimental procedure of agitating various quantities of the test
substance in a pH buffered aqueous medium, and sampling and analysing the solutions at specific
time intervals to determine the concentrations of dissolved metal ions in the water, Two different
types of tests are described in this document:
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A. Screening transformation/dissolution test — sparingly soluble metal compounds

5. For sparingly soluble metal compounds, the maximum concenrration of total disselved
metal can be determined by the solubility limit of the metal compound or from a screening
transformation/dissolution test. The intent of the sereening test, performed at a single leading, is to
identify thosc compounds which undergo cither dissolution or rapid transforination such that their
ceotoxicity potential is indistinguishable from soluble forms.

6. Sparingly soluble metal contpounds, llaving thic smallest representative particle size on the
market are introduced into the aqueous mediwn at a single loading of 100 mg/L.. Such dissolution
as will occur is achieved by agitation during a 24 hours period. After 24 hours agitation, the
dissclved metal joit concentration is nieasured,

B. Full transformation/dissolution test - metals and sparingly soluble metal compeunds

7. Thie full transfonmation/dissolution test is intended to determine level of the dissolution or
transfermation of metals and metal compounds after a certain time period at different loadings of the
agueous phase. Normally niassive fornis and/or powders are introduced into the agueous medium at
three differcut loadings: 1, 10 and 100 mg/A.. A single loading of 100 mg/L. may bc used if a
significant release of dissolved metal species is not anticipated. Transformation/dissolution is
accomplished by standardised agitation, witliout causing abrasion of the particles. The short term
trausformation/dissolution endpoints are based on the dissolved metal ion concentrations obtained
after a 7 days (ransformation/dissolution period. The long term transformation/dissolution endpoint
is obtained during a 28 days transformation/dissolution test, using 2 single load of | nig/L.

8. As pH has a significant influcnce on 1ransformation/disselution botl the serceliing test and
the full test should in principle be carried out at a pH that maximises the concentration of the
dissolved metal ions in solution, With refercuce to the conditions gencrally fouud in the
environment a pH range of 6 10 8.5 must be used, except for the 28 day full test wlhere the pH range
of 5.5 to 8.5 should be used in order to take into consideration possible long term cffects on acidic
lakes.

9. As in addition thc surface area of the particles in the test smuple has an important
influcnce on the rate and exteut of transformation/dissolution, powders are tested at the smallest
representative particle size as placed on the market, while massives are tested at a particle size
representative of normal llandling and use. A defaunlt diameter value of 1 mm should be used in
absence of this mformation. For massive metals, this default may only be exceeded when
sufficiently justified. The specific surface area should be determined in order to characterise and
compare similar samples,

APPLICABILITY OF THE TEST

10. This tcst applies to all metals and sparingly soluble inorganic nictal compounds.
Exceptions, such as cerfain water reactive metals, should be justified.
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INFORMATION ON THE TEST SUBSTANCE

ii, Substances as placed on the market should be used in the transformation/dissolution tests.
In order to allow for correct interpretation of the test results, it is important to obiain the following
information on the test substance(s):

substance name, formala and usc on the market;

physical-chemical rnethod of preparation;

identification of the batch used for testing;

chemical characterisation: overall purity (%) and specific impurities (% or ppm);

density (g/em’) or specific gravity,

+ measured specific surface area (m%/g)- measured by BET N, adsorption-desorption or
equivalent technicqre;

+ storage, expiration date;

s known solubility data and solubility products;

» hazard identification and safe handling precautions;

s Material Safety Data Sheets (MSDS) or equivalent;

DESCRIPTION OF THE TEST METHOD

Apparatus and reagents

12. The following apparatus and reagents are necessary for performing tests.

. Pre-cleaned and acid rinsed closed glass sample bottles (paragraph 13);
. transformation /disselution medium (1SO 6341} (paragraph 14);
. test solution buffering facilities {paragraph 13);

. agitation equipment: orbital shaker, radial impeller, laboratory shaker or equivalent
(paragraph 16);

. appropriate filters (e.g.0.2 pm Acrodisc) or centrifuge for solids-liquid separation
{paragraph 18);

. means to conirel the temperatare of the reaction vessels te + 2°C within the
temperature range of 20°C to 25°C, such as a temperature controlled cabinet or a
water bath;

. syringes and/or automatic pipettes;

. pH meter showing acceptable results within + 4.2 pH units;

. dissolved oxygen meter, with temperature reading capability;

. tliermometer or thermocouple; and

. analytical equipment for metal analysis (e.g. atemic adsorption spectrometry,

inductively coupled axial plasma spectrometry).

i3, All glass test vessels must be carefully cleaned by standard laboratory practices, acid-
cleaned {e.g. HCI) and subsequently rinsed with de-ionised water, The test vessel volume and
configuration {one- or two-litre reaction kettles) should be sufficient to hold I or 2 L. of aqueous
medium without overflow during the agitation specified, If air buffering is used {tests carried out at
pH 8), it is advised fo increase the air buffedng capacity of the medium by increasing the
headspace/liquid ratio {e.g. | L medium in 2.8 L flasks).
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14, A reconstituted standard water based on ISO 6341 should be used®, as the standard
transformatior/dissolution medium, The medium should be sterilised by filtration (0.2 um) before
use in the tests. The chemical composition of the standard transformation/dissclution medium (for
tests carried out at pH 8) is as follows:

NaHCO; : 65.7 mg/L
KCl:5.75 mg/L
CaCly.2H,0 : 294 mg/L
MgS0O,. TH,0 1 123 mg/L

For tests carried out at lower pH values, adjusted chemical compositions are given in paragraph 18.
15. The concentration of total organie carbon in the medium should not ¢xceed 2.0mg/L.

16, In addition to the fresh water medium, the use of a standardised marine test medium may
also be considered when the solubility or transformation of the metal compound is expected to be
significantly affected by the high chloride content or other unique chemical characteristics of marine
waters and when toxicity test data are available on marine species. When narine waters are
considered, the chemical composition of the standard marine medium is as follows:

NaF:3mg/L
SrClyoH,0:20mg/L.
H;BO::30mg/L
KBr:100mg/L
KC1:700mg/L
CaCl;2H20:1.47g/L
Na,S04.4.0g/L
MgCl;6H20:10.782/1.
NaCl:23.5g/L

NaySi0y 9H20:20mg/L
NaHC0;3:200mg/L.

The salinity should be 34 + 0.5g/kg and the pHshould be 8.0 £ 0.2. The reconstituted salt water
should also be stripped of trace metals. (from ASTM E 729-96)

17. The transformation/dissolution tests arc to be carricd ont at a pH that maximises the
concentration of the dissofved metal ions in solution within the prescribed pH range. A pH-range of
6 to 8.5 must be used for the screening test and the 7 day full test, and & range of 5.5 to 8.3 for the
28 day full test {paragraph 8).

18. Buffering at pH 8 may be established by equilibrium with air, in which the concentration
of C(x, provides a natwral buffering capacity sufficient to maintain the pH within an average of + 0.2
pH units over & period of one week (refcrence 7). An increasc in the headspace/liquid ratio can be
used to improve the air buffering capacity of the medium,

* For liazard classification purposes the results of the dissolution/transfornation protocol are comparcd with
exisliug ecotoxicity data for nietals and metal conipounds. Howcever, for purposcs such as data validation,
there miglit be cascs wlere it may be appropriate 10 use the aqueous medium from a completed transfornation
test directly in an OECD 202 and 203 daplinia and fish ecoloxicity 1est. 1f the CaCL.2H,0 and Mg80,7H,0
concentrations of the transfonnation medium are reduced to one-fifth of the IS0 6341 medium, the complcted
transformation medimn can also be uscd (upon the addition of micronutrients) in an OECD 201 algae
ecoloxicity test.
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19, For pH adjustment and buffering down to pH 7 and 6, Table 1 shows the recommended
clemical compositions of the media, as well as the CO; concentrations in air to be passed through
the headspace, and the calculated pH values under these conditions.

TABLE 1
Chemical cemposition of | NaHC(Q, 6.3 mp/L 12.6 mg/L
medium KCl 0.58 mg/L 232 mg/L
CaCl,.2H,0 29.4 mg/L 117.6 mg/L
MgS0,;.7H,0 12.3 mg/L 49.2 mg/L
CQ, concentration (balance is air} in test vessel 0.50% 0.10%
| Calculated pH 6.09 7.07

Note: The pH values were calculated using the FACT (Facility for the Analysis of Chemical
Thermodynamics) System (http://www.crot.polymtl. ca/fact/fact.htm)

20. Alternative equivalent buffering methods may be used if the influence of the applied
buffer on the chemical speciation and transformation rate of the dissolved metal fraction would be
minimal.

21. Duriag the full transformation/dissolution tests, agitation should be used which is suffi-
cient to maintain the flow of aqueous medium over the test substance while maintaining the integrity
of the surface of the test substance and of any solid reaction product coatings formed during the test.
For I L of agucous medium, this may be accomplished by the usc of :

»  aradial impeller sct at 200 r.p.m., with blades deploycd 5 cm from the bottom of a T L re-
action kettle. The radial impellers consist of two fixed polypropylene blades of dimensions
40 mm width x 15 mm height on a PVC-coatcd steel rod 8 mm diawcter and 350 mem long;
or

s 3 1.0 to 3.0 L flask capped with a rubber stopper and placed on an orbital or laboratory
shaker set at 100 r.p.m.

22, Other methods of gentle agitation may be used provided they meet the criteria of surface
integrity and homogeneous solution,

23. The choice of solids-liquid separation method depends on whether adsorption of scluble
metal ions on filters occurs and whether or not a suspension is generated by the agitation prescribed
in paragraph 16, which will in turn depend on pamcle size distributions and particle density. For
solids of deusity greater than approximately 6 g/cmy’ and particle size ranges as low as 50% < 8 pm,
experience has shown that the gentle agitation methods prescribed in paragraph 16 are uulikely to
result in suspensions. Hence, filtration of a sample through e.g. a 25 mm diameter 0.2 pn
hydrophilic polyethersulplione membrane syringe filter {as an option, overlain by a 0.8 pm prefilter)
will result in a solution essentially free of solids, However, in the event that suspensions occur,
stopping the agitation to allow the suspension to settle for about 3 minutes prior to taking a sclution
sainple may be useful.

Prergguisites
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Analytical method

24, A suitable validated analytical method for the total dissolved metal analysis is essential to
the study. The analytical detection limit should be lower than the appropriate chronic or long term
value from the exotoxicity tests.

25, The following analytical validation aspects are at a minimuim te be reported:

sdetection and quantification limit of the analytical method,

sanalytical lincarity range within the applicable analytical range;

+a blank run consisting of transformation medium (this can be done during the tests);

smatrix cffect of the transformation medium on the mecasurement of the dissolved metal ion;

smass balance (%) after completion of the transformation test;

sreproducibility of the analysis;

sadsomptive propertics of the soluble metal ions on the filters (i filtration is used for the sepa-
ration of tl:e scluble from the solid metal ion).

Determination of the appropriate pH of the dissolution medium

26. If no relevant literature data exist, a preliminary screening test may need to be camied out
in order to ensurc that the test is performed at a pH maximising transformation/dissolution within
the pH range described in paragraph 8 and 16.

Reproducibility of transformation data

27. For a standard set-up of three replicate test vessels and two replicate samples per test
vessel at each sampling time, it is reasonable to anticipate that for a constant leading of a substance,
tested in a narrow particle size (e.g., 37 - 44 um) and total surface area range, the within-vessel
variation in transformation data should be less than 10% and the between-vessel variation should be
less than 20 % [reference 5].

28 To estimate the reproducibility of the transformation test, some Guidance is given in the
following. The resulis can be used to eventually improve on reproducibility by adjusting the fizal
test set-up through varying tlie munber of replica test vessels and/or replica samples or further
screening of the particles. The preliminary tests also aliow for a first evaluation of the
transformation rate of the tested substance and can be used to establish the sampling frequency.

25 In preparing the transformation/dissolution medinm, the pH of the medium should be
adjusted to the desired pH (air buffering or CO, buffering) by agitation for about half an hour to
bring the aqueous medium into equilibrium with the buffering atmosphere. At least tliree samples
(c.g. 10 - 15 mlL) are drawn from the test medium prior to addition of the substance, and the
dissolved metal concentrations are measured as controls and background.

30. At least five test vessels, containing the metal or metal compound (e.g.100 mg solid/L
medium), are agitated as described in paragraph 16 at a temperature 2 °C in the range 20 - 25°C,
and triplicate samples are taken by syringe from each test vessel after 24 lours, The solid and
solution are separated by membrane filter as described in paragraph 18, the solution is acidified with
1% HNQ; and analysed for total dissolved metal concentration,

31. The within-test vessel and between-test vessel meaus and coefficients of variation of the
measured dissolved metal concentrations are calculated,

242

381



ENV/IM/MONO({2001)6

Test performance

a. Dissolution screening test — sparingly soluble metal compounds

32. After dissolution medium is prepared, add the medism into at least three test vessels
(number of test vessels depend on the reproducibility obtzined during the preliminary test). Aftera
half-hour of agitation to bring the aquecus medium into equilibrium with the atmosphere or
buffering system {paragrapl 15), the pH, temperature and dissolved O, concentrations of the
medium are measured. Then at least two 10 - 15 mL samples are taken from the test medium {prior
to addition of the solids) and the dissolved metal concentration measured as controls and
background.

33 The metal compound is added to the test vessels at a loading of 100 mg/I. and the test
vessels are covered and agitated rapidly and vigorously. After the 24 hours agitation, the pH,
temperature and dissolved O concentrations are measured in each test vessel, and two to three
solution samples are drawn by syringe from each test vessel and the solution is passed through a
membrane filter as described in paragraph 18 above, acidified {(e.g. 1 % HNO3) and analysed for
total dissolved metal concentration.

b. Full test - mcials and metal compounds

34, Repeat paragraph 32.

35, For 7 day test, substance loadings of 1, 10 and 100 mg/L, respectively, are added to the
test vessels (number of which depends on the reproducibility as established in paragraphs 23- 26),
coniaining the aqucous medium. The test vessels arc closed and agitated as deseribed in paragraph
16. ™ a 28 day test is to be conducted, the test with 1 mg/L loading may be extended to 28 days,
provided that the same pH value is te be chiosen for both 7 day and 28 day tests. However, since 7-
day tests are only conducted at pH ranges of 6 and higher, separate 28-day tests are needed to cover
the pH range between 5.5 and 6. It may alsc be useful to include a concurrent control test with no
substance loaded (i.e. a blank test solution). At established time intervals (e.g. 2 hours, 6 hours, 1, 4
and 7 days), the temperature, pH and dissolved O, concentrations are measured in each test vessel,
and at least two samples (e.g. 10 - 15 mL) are drawn by syringe from each test vessel. The solid and
dissolved fractions are separated as per paragraph 18 above. The solutions are acidified {e.g. 1 %
HNOQ;) and analysed for dissclved metal concentration. After the first 24 hours, the solution
volumes should be replenished with a volume of fresh dissclution medium equal to that already
drawn. Repeat after subsequent samplings. The maximum total volume taken from the test solutions
should not exceed 20% of the init:al test solution volume. The test can be stopped when three
subsequent total dissolved metal coneentration data points vary no more than 15%. The maximum
duratien for the loadings of 10 and 100 mg/L is seven days (the short term test) and 28 days for the
loading of 1 mg/L test medium (long term test).

Test Conditions

36. The transformation/dissolution tests should be donc at a controlled ambient temperature +
2 °C in the range 20 - 25°C.

37. The transformation/dissolution tests are to be carried out within the pH range described in
paragraphs 8 and 16. The test solution pH should be recorded at each solution sampling interval.
The pH can be expected to remain constant (£ 0.2 units) during most tests, although some short-
term pH variations have been encountered at 108 mg/L loadings of reactive fine powders [7), duc to
the inherent propertics of the substance in the finely divided state.
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38, Above the aqueous medium, the head space provided by the reaction vessel should be
adequate in most instances to maintain the dissolved oxygen concentration above 70% of its
saturation in air, which is about 8.5 mg/l., However, in certain instances, reaction kinetics may be
limited not by the availability of molecular oxygen in the head space above the solution but by the
transfer of dissolved oxygen to, and removal of reaction product away from, the solid-solution
interface. In this case, little can be done, otlier than await the resteration of equilibrium,

39, To reduce chemical and biclogical contamination as well as evaporation, the transfor-
matior/dissolution kinetics must be performed in closed vessels and in the dark, whenever possible.

TREATMENT OF THE RESULTS

Screening fest

40, The mean dissclved metal concentrations at 24 hows are calculated (with confidence
intervals).

Full test

a. Determination of the extent of transformation/dissolution

41. The dissolved metal concentrations, mcasured during the differcnt short term (7 days)
tests, are plotted versus time, and the transformation/dissolution kinctics may be deterniined, if
possible. The following kinetic medels could be used to describe the transformation/dissolution
curves:

(1) Linear model :

C, =Co+kt, mg/l

where ;

Cp =initia] total dissolved metal concentration {img/L) at time t = 0;
€, = total dissolvcd metal concentration (mg/L) at timc t;

k = linear rate constant, mg/L-days. ’

(2} First order model :

C =A (1<), mg/L

where

A = limiting dissolved metal concentration (mg/L} at apparent equilibrium = constant;
C, = total dissolved metal concentration (mg/L) at time t;

k = first order rate constant, 1/days.

{3) Second order model ;
G =A(1e™) +B(1-e®), mg/L
where :

C, =total dissolved metal concentration {mg/L), at time t;
a = first order rate constant, 1/days;
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b = second order rate constant, 1/days;
C=A+B =limiting dissolved metal concentration (mg/L).

(4) Reaction kinetic equation :

C, =afl-e™- (c/m){l +(be™-ne™)(n-b)}], me/L
where :

C, = total dissolved metal concentration {mg/L) at time t;
a = regression coefficient { mg/L);

b,e,d = regression coefficients (1/days);

n =c¢+d.

Other rcaction kinetic equations may also apply [7.8].

42. For cach replicate vessel in the transformation test, these nodel parameters are to be
estimated by regression analyses. The approach avoids possible problens of correlation between
successive measurements of the saine replicate. The mean values of the coefficients can be
compared using standard analysis of variance if at least three replicate test vessel were used. The
coefficient of determination, t*, is estimated as a measure of the "goodness of fit” of the model.

43. The dissolved metal coneentrations, measured from the 1 mg/L loading during the 28 day
test, are plotted versus time and the transformation/dissolution kinetics determincd, if possible, as
described in paragraphs 40 and 41.

TEST REPORT

44, The test report should include (but is not limited to) the following information, also see
paragraph 11 and 24:

«identification of the sponsor and testing facility;

«description of the tested substance;

«deseription of the reconstituted test imnedium and metal loadings;

« test medium buffering system used and validation of the pH used (as per paragraph
21)description of the analytical method;

sdetailed descriptions of the test apparatus and procedure;

spreparation of the standard metal solution;

results of the inethod validation;

«results from the analyses of metal congentrations, pH, temperatare, oxygen,

«dates of tests and analyses at the various time intervals;

sinean dissolved metal concentration at different time intervals (with cenfidence intervals);

«trangformation eurves (total dissolved metal as & function of time);

sresults from transformation/dissolution kinetics, if determined;

sestimated reaction kinetic quation, if determined;

sdeviations from the study plan if any and reasons;

«any circumstances that may have affected the results; and

sreference to the records and raw data,

245

384



ENV/AM/MONO(2001)6

REFERENCES

1. "Draft Report of the OECD Workshop on Aquatic Toxicity Testing of Sparingly Soluble
Metals, Inorganic Metal Compounds and Minerals”, Sept. 5-8, 1995, Ottawa.

2. QECD Metals Werking Group Meeting, Paris, June 18-19, 1994,

3.  European Chemicals Bureau. Meeting on Testing Methods for Metals and Metal
Compounds, Ispra, February 17-18, 1997.

4, OECD Metals Working Group Meeting, Paris, October 14-15, 1997.

5. LISEC® Staff, "Final report “transformation/dissolution of metals and sparingly soluble metal
compounds in aquecus media - zinc", LISEC no. BO-015 (1997),

6.  JM. Skeaff*and D. Paktune, "Development of & Protocol for Measuring the Rate and Extent
of Transformations of Metals and Sparingly Soluble Metal Compounds in Aqueous Media.
Phase I, Task 1: Study of Agitation Mcthod.” Final Report, Janvary 1997. Mining and
Mineral §ciences Laboratories Division Report 97-004(CR)/Contract No, 51545.

7. Jim Skeaff and Pierrettc King, "Development of a Protocol For Measwing the Rate and
Extent of Transformations of Metals and Sparingly Soluble Metal Compounds in Aqueous
Moedia. Phase I, Tasks 3 and 4: Study of pH and of Particle Size/Surface Area.”, Final Report,
December 1997  Mining and Mineral Sciences Laboratonies Division Report 97-
071{CR)/Contract No. 51590.

8. Jim Skeaff and Picrrette King, Development of Data on the Reaction Kinetics of Nickel Metal
and Nickel Oxide in Aqueous Media for Hazard Identification, Final Report, January 1998,
Mining and Mineral Sciences Laboratories Division Report 97-089(CR)/Contract No. 51605,

9. LISEC Staff, "Final report “transformation/dissclution of metals and sparingly soluble metal
compounds in aqueous media - zinc oxide”, LISEC no. BO-016 (January, 1997).

10. LiSEC Staff, "Final report “wransformatior/dissolution of metals and sparingly soluble metal
compounds in aqueous media - cadmimn", LISEC no. WE-14-002 (January, 1998).

11.  LISEC Staff, "Final report “transformation/dissolution of metals and sparingly scluble metal
compounds in aquecus media - cadminm oxide”, LISEC no. WE-14-002 (January, 1998).

* LISEC, Craenevenne 140, 3600 Genk, Belgium
* CANMET, Natura] Rescurces Canada, 355 Booth St., Ottawa, Canada KIA 0GI

246

385



ENV/IM/MONOQ001)6

BIBLIOGRAPHY

QECD Guideline for testing of chemicals, Paris (1984). Guideline 201 Alga, Growth Inhibition
Test.

OECD Guideline for testing of chemicals, Paris (1984). Guideline 202 :Daphnia sp. Acute im-
mobilisation test and Reproduction Test.

OECD Guideline for testing of chemicals, Paris (1992). Guideline 203 : Fish, Acute Toxicity Test.

OECD Guideline for testing of chemicals, Paris {1992), Guideline 204 : Fish, Prelonged Toxicity
Test : 14~ Day study.

OECD Guideline for testing of chemicals, Pans (1992). Guideling 210 : Fish, Early-Life Stage
Toxicity Test,

International standard ISO 6341 (1989 (E)). Detenuination of 1the inhibition of the mobility of
Daphnia magna Straug (Cladocera, Crustacea).

247

386





